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Abstract
This project consists of building a universal remote controller, which can be used to
control any kind of device capable of communicating its user interface. The remote
device works based on an infrared technology and allows the user to control any of the
home appliances. The idea and design of this project are considered as a multi-
communication between transmitter and receiver, because the remote control device
combines many remotes into one and has an ability to control up to fifteen appliances
that are commonly used at homes. The transmitter contains 15 independent inputs and
has a carrier wave frequency of 38 kHz, which is the same for almost all infrared
remote controls. Similarly, the receiver has 15 independent outputs, each of which can
operate separately. The SAA3004 transmitter integrated circuit (IC), which is designed
for infrared remote control systems, is used as a main IC on the remote control itself.
As for receiver part, PIC16C55-XT/P is used as a microcontroller to control the
infrared receiver operations due to the increased number of Input/Output pins. Both
ICs are programmed accordingly to provide a multi- communication. A desktop lamp
and fan are used as the example appliances to be remotely controlled. The control of
these appliances is associated with ON/OFF switching application. Since a remote
control has become a part of the everyday life, in this project, an infrared remote
control system is designed to prove the universality of it.
VII
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When there are several controllable devices in a certain space, controlling them
all in an efficient way requires much thought on the user interface and usability issues.
Today's solutions differ from a local mechanical switch to a complex distributed
controlling system. One part of these is different remote controllers, which people are
using in their everyday life. Another solution is a universal infrared remote control,
which can perform all functions of different remotes of various brand appliances that
are used at homes [2].
1.1 Background of study
Remote controls have become more sophisticated in recent years. They are able
to operate a large indefinite number of home entertainment equipment. However, the
"universality" of remote controllers comes into question as entertainment devices add
more features and functions to their standard controls [3]. Some remote controllers will
not operate certain brands, and many do not come equipped with enough buttons to
control all of the features of any given device. This leaves many consumers with no
choice but to own a number of remote controls, each for a specific device or task.
A universal remote controller was invented to be able to turn the television on, control
the lights, speed of fans, temperature ofairconditioners, close the blinds ordrapes - in
fact, virtually anything electrical. With this device now it is possible to turn off all the
lights in the house from the bedside or turn on all the lights with one press to scare
away intruders.
The protocol, most commonly used inhome entertainment remotes is Infrared (IR). It is
line-of-sight only, and the transmission range is usually limited to about 30 meters,
however, an IR distribution system can provide virtually unlimited range. IR is not a
secure method of communication, as the codes are openly published in an industry
standard IR code library. Universal IR remotes have this library built in, which allows
them to control most of any manufacturer's devices. Forcontrolling components whose
codes are not in the library, learning remotes are available everywhere which can be
taught the code of any device. A common feature of universal remotes is the ability to
group commands, so as to actuate, with one device, several components
simultaneously.
1.2 Problem statement
Nowadays there is usually a unique remote controller for every infrared
controllable appliance (See Figure 1.1, where RC stands for Remote Control). Every
manufacturer has its own style in their user interfaces and they can be totally unique.
So, ifa person can use a certain remote controller properly, itdoes not necessarily mean
one can use ail the possible remote controllers. Even if the appliances would be from
the same manufacturer, the user interface of the remote controllers can differ a lot. Most
of the appliances have some kind of special functions and might need some special
controls. So, it might be impossible to use the similar user interface to control different
appliances. When we try to use the same remote controller to control different kind of
appliances (see Figure 1.2, where URC stands for Universal Remote Control) there has
to be several functions for one physical controller in different situations. Therefore, a
universal remote controller was invented to prove the universal applicability. By
universal remote controller the user can control all of the infrared controllable









Figure 1.2: Remote controlling using a universal remote controller
1.3 Objective and Scope of study
The main objective of this project is to provide a working prototype of a
universal infrared remote control transmitter and receiver on a Printed Circuit Boards
(PCB) creating the smallest and simplest set ofcommands that will provide the greatest
flexibility. The control system should perform the operation ofremote control for home
appliances such as fan and lamp. An additional objective of the project is to create a
command code using Microsoft Visual Basic to control these appliances from
computer. At the end, the system should beuser-friendly and reliable.
Scope ofproject's work isdivided into two parts, FYP1 and FYP2 semesters:
FYP1 semester:
• Research and analysis on materials related to project.
• Project planning.
• Finalize the project'sobjectives anddeliverability.
• Define what are the hardware and software required for the project's
implementation.
• Get familiar with PCB design and learn howto work on it.
• Get familiar with PIC microcontroller and learn how to program it.
• Learn how to study the signal codes transmitted from remote control.
• Design, implement, test and prove the viability of an infrared single-channel
receiver circuit.
FYP2 semester:
• Define a universal infrared remote control transmitter and receiver circuits.
• Learn how to decode the transmitted signals for remote control input buttons.
• Program the PIC Microcontroller that is being used at the receiver part
accordingly byusing theobtained signal codes for remote control.
• Implement and test the remote control system, and work on it to prove the
universality.
• Additionally, learn about the computer parallel port and create a command code
using Microsoft Visual Basic that will give the instructions to the transmitter
from computer.
• Complete the project and achieve all the required objectives.
CHAPTER 2
LITERATURE REVIEW AND THEORY
2.1 What is Infrared?
Infrared (IR), just like any light ray, is an electromagnetic radiation of a
wavelength longer than visible light, but shorter than microwave radiation. The name
means "below red" (from the Latin "infra" - "below"), red being the color of visible
light oflongest wavelength. A very interesting phenomenon that can be observed is that
anything material above absolute zero (-273.15 degrees Celsius or 0Kelvin), radiates in
the infrared, even ice emits infrared radiation. We as a human being cannot see IR,
because our eyes are designed for visible light. Even though IR is not visible to the
humaneye, our skincan sense it [4].
The electromagnetic spectrum classifies electromagnetic energy according to frequency
or wavelength.
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Figure 2.1: Electromagnetic spectrum
Figure 2.1 represents the electromagnetic spectrum, which ranges from energy waves
having extremely low frequency (ELF) to energy waves having much higher frequency,
such as X-rays. A horizontal bar represents a range offrequencies from 10 Hertz
(cycles per second) to 1018 Hertz [5]. Some familiar allocated frequency bands are
labeled onthe spectrum. Approximate locations are as follows.
101 Hertz: extremely low frequency or ELF.
105 Hertz: AM radio
108 Hertz: FM radio
1010 Hertz: Television
10n Hertz: Microwave
1016 Hertz: Infrared (frequency range is below the visible light spectrum)
1016 Hertz: Visible Light
1016 Hertz: Ultraviolet (frequency range isabove the visible light spectrum)
1018 Hertz: X-rays
2.2 How does an infrared system work?
As it was mentioned, an IR radiation is the region of the electromagnetic
spectrum between microwaves and visible light. In infrared communication, light
emitting diode (LED) transmits the infrared signal as bursts of non-visible light. At the
receiving end a photodiode or photoreceptor detects and captures the light pulses,
which arethen processed to retrieve the information they contain.
Generally, an IR system comprises three sections: the transmitter, the emitter and the
receiver [6]. The emitter is sometimes located within its transmitter. It is known, that in
any communications system there are transmitter, transmission medium, receiver, and
system noise [23]. The transmission medium that provides a means of transporting
signals between transmitter and receiver can be as simple as a pair ofcopper wires or as
complex of sophisticated microwave, satellite, oroptical fiber communications system.
In infrared systems, the transmission medium is a modulated carrier of harmless
invisible infrared light.
Infrared is interesting, because it iseasily generated and does not suffer electromagnetic
interference. It is nicely used in communication and control, but not perfect, because
some other light emissions could contain infrared as well, and that can interfere in this
communication. Thesun is an example of lightemission, since it emits a wide spectrum
orradiation. IRsignal is contained within the room inwhich it is used, so even adjacent
rooms may use identical IR systems without interference among them.
IR products are compact and lightweight. While installing or using IR system, it is
essential to consider that the visible components of the transmitter and the receiver
must face each other without obstruction.
2.3 Infrared technology
Somecommon applications of infrared technology are listedbelow:
Augmentative communication devices:
• Car locking systems
• Computers (Mouse, Keyboards, Printers)
• Emergency response systems
• Environmental control systems (Windows, Doors, Lights, Curtains, Beds,
Radios)
• Headphones




• TVs, VCRs, CD players, DVDs, stereos
• Toys
Infrared technology offers several important advantages as a form of wireless
communication [5]. The advantages and disadvantages of IR technology described as
follow:
Advantages of Infrared technology
• Low power requirements
• Low circuitry costs
• Simple circuitry: no special or proprietary hardware is required, can be
incorporated into the integrated circuit of a product
• Higher security: directionality ofthe beam helps to ensure that data is not leaked
or spilled to nearby devices as it's transmitted
• Portable
• Few international regulatory constraints: IrDA (Infrared Data Association)
functional devices ideally usable by international travelers, no matter where
they may be
• High noise immunity: not as likely to have interference from signals from other
devices
Disadvantages of Infrared technology
• Line of sight: transmitters and receivers must be almost directly aligned (i.e.
able to see each other) to communicate
• Transmission block: people, walls, plants, etc. can blocktransmission
• Short range: performance dropsoff with longerdistances
• Light, weather sensitive: direct sunlight, rain, fog, dust, pollution can affect
transmission
• Lowerspeed: data rate transmission is lowerthan typicalwired transmission
2.4 How does an infrared remote control work?
An IR remote control sends control information using infrared light. When we
touch a key on thisdevice, thecircuitry determines what sequence of flashes of infrared
light correspond to that key, and then the signal is sent as a sequence of voltages that
turn an infrared LED ON and OFF, and the spacing between modulations determines
whether the remote is transmitting "1" or "0". The appliance that we are pointing at has
an infrared light detector that picks up the infrared light signals, converts the infrared
light to electrical signals, and then uses some digital circuitry to determine what
function needs to be done in response to that signal sequence.
A remote control has to be flexible enough to be able to encode the commands. By
pressing a button in remote control we establish a complete specific connection. The
transmitter chip senses thatconnection and knowing what button we pressed produces a
code-line signal specific to that button. The code of bits is modulated with the certain
frequency, usually 36 kHz - 40 kHz oscillating signal and the resulting pulses of
oscillating signal are amplified through transistors and sent them to the LED, which
translates the signal into infrared light and makes it flicker in bursts corresponding to
the bits. That frequency oscillation is added to make sure the receiving appliance is not
confused by other lights flashing ON and OFF around the home. The receiver can
receive the light, filter out the signals that do not include that certain frequency
oscillation, and then demodulate the signal to capture the bits from the same frequency
modulated signal.
In general, the remote controls use 36 kHz - 40 kHz frequencies to transmit
information. Infrared light emitted by IR diodes is pulsated at 36 thousand times per
second, when transmitting logic level "1" and silence for "0".
To generate a 36 kHz pulsating infrared is quite easy, more difficult is to receive and
identify this frequency. Therefore, most of the times, infrared receivers contain the
filters, decoding circuits and the output shaper, thatdelivers a square wave, meaning the
existence or not of the 36 kHz incoming pulsating infrared [7]. This actually means,
thatan output pingoes high (+5V) when there is a pulsating 36 kHz infrared in front of
it, and zerovolts whenthere is not this radiation. A square wave of approximately 27uS
(microseconds) injected at the base of a transistor can drive an infrared LED to transmit
this pulsating light wave. Upon its presence, the receiver will switch its output to high
level (+5V).
Figure 2.2: Example ofsignal translation into IR light
If we can turn ON and OFF this frequency at the transmitter, the receiver's output will
indicate when the transmitter is ON or OFF.
Figure 2.3: Indication ofIR receiver
Those IR demodulators have inverted logic at its output. When a burst of IR is sensed,
it drives its output to low level, meaning logic level = 1.
A universal IR remote control works on the same principle that a normal remote
control, on a limited number of codes. The only advantage is that it combines multiple




3.1 General idea of project
A universal infrared remote control that is designed in this project has an ability
to combine multiple remotes intoone, with some sort of input buttons indicating which
device the remote is currently controlling. The main concentration is given on an IR
transmitter and receiver, which are required to be as a working prototypes and
implemented on a Printed Circuit Boards (PCB). Besides that, to meet the project's
complete objectives and expectations there should also be a working program
command, which is the code of instructions for remote control transmitter from
computer to perform the control operation of its target appliances. The instruction
command should be programmed using Microsoft Visual Basic.
A general idea of infrared remote controls is that they usually consist of
encoder/decoder parts connected to a transmitter/receiver module, which takes care of
the transmission of digital signals by infrared waves. The transmitter has a varying
number of buttons and sends the states of these inputs to the receiver. The receiver
device decodes the message and sets the outputs accordingly. The information about
which key is pressed is encoded and sent. We can press at most one key at a time on the
encoder, andonlythe code for the pressed key is sentto the decoder. This is an efficient
method for general remote controls.
Figure 3.1 describes a universal infrared remote control system block diagram, where
the signal transmission is clearly shown. In this figure, the input buttons represent
function keys and the output appliances match to the input buttons. The signal is being
transmitted when any of the input buttons is pressed, and then the appliance responds
according to that particular input button. The system uses encoder integrated circuit that
is located at the transmitter part and Peripheral Interface Controller (PIC)
microcontroller at the receiver. Every signal code transmitted by remote control has to
be knownand PIC must be programmed before using it in the actual circuit. PIC is pre-
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programmed to generate 38 kHz carrier frequency by simply pulsing from logic "1" to
logic "0" at a rate of approximately 38,000 cycles per second, hence 38 kHz [8]. In
general, an encoder IC can be replaced by PIC microcontroller at the transmitter,
whereasPIC microcontroller can be also replaced by decoderIC at the receiver.
Input










Figure 3.1: System block diagram.
3.2 Software Required
In order to work with the project, there will be several engineering software
tools required. These tools are PIC C Compiler and WARP 13, Windows Hyper
Terminal and PC Remote Control. The basic functions of required softwares are
described below:
PIC C Compiler
PIC C Compiler is software that is used to write the PIC program using C language (see
Figure 3.2). When program is written, it should include the header file ofthe PIC that is
being used, its configuration bits, clock speed, which is the oscillator value (e.g.
10MHz), defined inputs and outputs and the main () function. After, when all these
requirements are initialized and the program is completely written, it is compiled to
generate the HEX file. If the program is written incorrectly or there is an error in the
12
program, PIC C Compiler identifies the error and highlights it in red at the bottom of
window [9].











Figure 3.2 PIC C Compiler window
WARP 13
The written C language program is compiled to generate the HEX file/code, which is
then used to burn into the PIC microcontroller using chip burner software WARP 13
[10]. Before burningany particular program into microcontroller, PIC device has to be
identified (e.g. PIC16F84A) and its EEPROM should be erased and left as an empty
blank. After, the new program is written into the PIC memory (see Figure 3.3).
Figure 3.3: WARP13 PICprogram burner
Windows HyperTerminal
In general, Windows HyperTerminal is a program that we can to connect to other
computers, Telnet sites, bulletin board systems, online services, and host computers,
using modem, a null modem cable or Ethernet connection [11]. For this project it is
used for other purpose as to check the signal received through serial communication
13
port. The connectivity between infrared receiver circuit and computer allows to read
infrared signals transmitted from remote control in ASCII characters form. The
HyperTerminal application can be found through the following Windows directive:
Start => Programs => Accessories => Communications => HyperTerminal (see Figure
3.4).
















Auto detect Auto detect SCROLL I CAPS | mum Capture $
Figure 3.4: Hyper Terminal window
PC Remote Control
PC Remote Control is very useful software that is used to check the ASCII character
received through the serial port using its Test Origin feature. Note that the
HyperTerminal window can only show the received signals in form of ASCII
characters. By using PC Remote Control software it possible to learn the obtained
ASCII characters in terms of ASCII codes for the respective number pressed on the
remote control (see Figure 3.5). These data are important in defining the conditions to
execute the further applications [12].
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Figure 3.5: Test Origin windowfor PC Remote Control
3.3 Infrared remote control with a single-channel receiver
Besides research and analysis, during the Final Year Project I semester the idea
was to work on a single-channel infrared receiver. It was as a mini-project to clearly
understand the transmission and reception of infrared signals. The suitable circuit
design was obtained from the early researches and implemented on the breadboard. An
infrared receiver circuit (see Figure 3.6) was tested in Electrical & Electronics
Laboratory by using a pre-programmed universal infrared remote control as a
transmitter. The appliance to be controlled by the remote controller wasa desktop lamp
that works through 240 Volts AC. The more detailed description of an infrared receiver












































Figure 3.7: Pspice schematic ofa single-channel infrared receiver circuit
Required components used for circuit's implementation:
• Breadboard
• 5 Resistors (Rl = 220 kOhms, R2 = 330 Ohms, R3 = IkOhm, R4 = 330 kOhms
and R5 = 47 Ohms)
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• 2 Capacitors (CI = 100microF, 16Vand C2 = 0.1 microF)
• Diode (1N4007)
• 2LED's(Green&Red)
• 2 Transistors (BC558 PNP and BC548 NPN)
• Counter (CD4017)
• IR receiver module (TSOP 1738)
• Relay (5V, 100 Ohm)
• Appliance to be controlled (i.e.lamp)
Figure 3.6 and Figure 3.7 show the circuitry of an infrared receiver. The circuit works
as follow:
Once it has been assembled, it can be connected to any of the home appliances (lamp,
fan, radio, etc) to make the appliance turn on/offfrom a TV/VCD or Universal remote
controls. The activation range for the circuit can be for up to 15 meters. The frequency
value for the experiment is the most common used in infrared remote control systems,
which is 38 kHz. Therefore, the 38 kHz infrared rays generated by the remote control
are received by IR receiver module TSOP1738 of the circuit. An IR receiver module
TSOP1738 contains 3 pins, where Pin 1 is connected to the ground; pin 2 to the power
supply Vcc (+5V) through resistor R5 and the output is taken from pin 3. The output
signal is amplified by transistor Tl (BC558) and fed to clock (pin 14) ofdecade counter
IC CD4017 (IC1). Pin 8ofIC1 isgrounded, pin 16 is connected toVcc (+5V) and pin 3
is connected to LED1 (red), which glows to indicate that the appliance is 'off.' The
output of IC1 is taken from its pin 2 and connected to LED2 (green), which is used to
indicate the 'on' state of the appliance. Transistor T2 (BC548) connected to pin 2 of
IC1 drives relay RL1. Diode 1N4007 (Dl) acts as a freewheeling diode. The appliance
to be controlled is connected between the poles of the relay and neutral terminal of
mains. It gets connected to live terminal of AC mains via normally opened (N/O)
contact when the relay energizes.
The reason to work on this task was to understand and practically see how an infrared
system works. A lamp was connected to the receiver circuit to perform ON and OFF
operations and used as an appliance to be controlled by a universal remote control,
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which is a transmitter with a sending frequency value of 38 kHz that is capable with
infrared receivermodule. Experimental results have been positively obtained.
3.4 Universal infrared remote control with multi-channel receiver
For FYP II semester, the plan was to design the whole infrared system. The idea
to continue working on this project was to come up with new transmitter and receiver
circuits that have abilities to control multiple appliances. As it was mentioned
previously, in this project the control aim is on two appliances that are fan and lamp.
Before starting the procedure, all the gathered information were analyzed. The block
diagram (see Figure 3.1) shows how the system looks like. A remote control with
several buttons was used as a transmitter, whereas a device with corresponding outputs
was used as a receiver.
The following diagrams are the flow charts of the project activities. Flow chart 1
describes the general application of the project, whereas Flow chart 2 shows the
additional commands using Microsoft Visual Basic and circuit connection from


















Program command sends instruction to
computer's parallel port through Visual Basic
Parallel port follows the given instruction and
responds as ON and OFF or 1 and 0.
After, parallel port triggers signal (i.e through
transistor) and able to control any circuit
In this case, a controlled circuit is transmitter of
remote control that transmits signal to receiver
Receiver receives the signal from transmitter and
performs the control operation of appliances to be
controlled. In this case, they are light and fan
Only one of appliances will be activated at once
Flow chart 2
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A universal infrared remote control transmitter circuit that is used in this project (see
Figure 3.11) has the increased number of inputs and it is able to activate the outputs
related to those inputs. Together with multi-channel infrared receiver and/or even with
single-channel receiver this infrared transmitter can be used to remotely operate our
home appliances. The transmitter contains 15 independent inputs and hasa carrier wave
frequency of 38 kHz, which is the same for almost all infrared remote controls. For the
project, only two inputs and outputs are taken into consideration and used to show the
communication of the universal infrared remote control with its receiver (see Figure
3.8). As for the remaining channels, normal LEDs are used on the output to indicate the
activation. The receiver (see Figure 3.12 for its circuitry) has 15 independent outputs,
each of which can operate separately.
Transmitter
• D DDD
D • • D a
D • D • a
Receiver
Figure 3.8: Universal infrared remote control system
The required components are listed onAppendices (see Appendix A and Appendix B).
As it is seen in Figure 3.11, the main device that drives the circuit is ICl. It is a
transmitter integrated circuit (SAA3004) designed and used for infrared remote control
systems. It has a total of 448 commands which are divided into 7 sub-system groups
with 64 commands each. The sub-system code may be selected by a press button, a
slider switch or hard wired. The SAA3004 IC generates the pattern for driving the
output stage. These patterns are pulse distance coded. The pulses are infrared flashes or
modulated pulses. The transmission mode is defined in conjunction with the sub-system
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address. Modulated pulses allow receivers with narrow-band preamplifiers for
improved noise rejection to be used. Flashed pulses require a wide-band preamplifier
within the receiver. Thischipdrives IR LEDs at a 38 kHz modulated output. A standard
455kHz ceramic resonator, attached across the oscillator input/output pins (pins 11 and
12) of the IC, sets the frequency. The external components must be connected to these
pins when using an oscillator with an external resonator. The connections from D3 to
D7 are the identification transmitter diodes. As it was mentioned previously, a remote
control transmitter can operate for both multi-channel and single-channel receivers.
Since in this project, the design requires multi-channel operations, by connecting D4
diode to the circuit we provide the identification of the receiver type for transmitter.
LD1 is a red LED that indicates whether remote control is on or off and LD2,3,4 are the
infrared LEDs that are usedto transmit the signal to receiver. When a key is pressed, a
generated signal is amplified and driven by transistors Tl and T2. The supply DC
voltage to the circuit is 9 Volts andcan be placed by 9V battery.
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9 ADRM address mode control input
10 Vss ground
11 OSCI oscillator input
12 OSCO oscillator output
13 DRVON







20 Vdd positive supply
Figure 3.9: Pin diagramfor SAA3004
At the receiver circuit (see Figure 3.12), PIC16C55-XT/P (ICl) is used as a main IC
device. It is programmed in order to be able to communicate together with the
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transmitter IC. Same as for transmitter, it has 15 channels/outputs that are decoded
according to the encoded input signals.
Only two of the outputs are used to operate with appliances, as for the rest of the
outputs, normal LEDs are placed to indicate the activation.
3.5 What is PIC?
PIC is a name for the microchip microcontroller family, consisting of
microprocessor, I/O ports, timer(s) and other internal, integrated hardware. The main
advantages of using the PIC are low external part count and wide range of chip sizes
(number of pins). Its program memory is initially empty, and needs to be programmed
with code to be usable in a circuit [13]. There are three most common ways can be used
to program the PIC microcontroller, eitherusing the assembly language, PICBasic or C
language. The assembly language and PIC Basic are considered to be quite messy and
complicated to be used in programming. Furthermore, it may take much more time to
understand the deliverables of the built-in functions of assembly language compared to
C. C language is more straightforward and takes shorter time to be understood. C
compiler is made by the third parties to provide viability to the programmer in coding
the PICs. If some errors occur while programming, it has a compilerthat can define the
errors that are occurred. The basic knowledge on C syntax, its built-in functions and
pre-processor areessential inpursuing the project to program the microcontroller.
3.6 PIC16C55-XT/P Microcontroller
The PIC16C55XT/P is chosen as the microcontroller to control the infrared
receiver operations due to the number of I/O pins available for the entire
microcontrollers analyzed. Figure 3.10 shows the pins configuration of the
PIC16C55XT/P utilized in the project
Pin Descriptions
PIC16C55XT has a total of 28 pins. Individual I/O pins are programmable as inputs or
outputs.
• Sink current: 25 mA per pin, 50 mA per port
• Source current: 20 mA per pin, 40 mA per port
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PIC16C55
1 28RTGC [ 3 MCLR
Vdd [ 2 27 3 OSC1
N/C [ 3 26 ] OSC2/CLKOUT
Vss C 4 25 3 RC7
N/C [ 5 24 3 RC6
FJAO [ 6 23 ] RC5
RA1 [ 22 ] RC4
RA2 [ 8 21 ] RC3
RA3 C 9 20 ] RC2
RBO [ 10 19 ] RC1
RB1 [ 11 18 ] RCO
RB2 [ 12 17 ] RB7
RB3 [ 13 16 ] RB6




Figure3.10: Pin diagramfor PIC16C55XT/P
FunctionPin
RA0-RA3 I/O Port A
RB0-RB7 I/O Port B
RCO - RC7 I/O Port C (only on 28-pin PICs)
RTCC Real-time clock/counter input
MCLR Master clear (reset)
OSC1 Oscillator input
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Normally, a universal infrared remote controls are the lesser expensive, and as one of
theirdisadvantage is that theyhave some drawbacks. In orderto avoid the drawbacks of
these devices, while working on this project the two criteria must be followed and kept
in mind. First, the establishing of communication between the control and any target
appliance must be based on a single mechanism and does not require a user to
memorize any address or code. Second, the resulting hardware must be as simple as
possible to avoid any complicated operations.
In general, for any appliance to be remotely controlled, the code must be known.
Therefore, a special identification process is needed to establish a temporary
communication link. With this process, the remote control can specify the controlled
appliance for subsequent operation. Assigning to each appliance a unique identity code
on the receiver fulfills the identification.
The identification process starts with sending out an identity code by the remote
control, and if the identity code received by appliance matches, only then it responds.
After that, it signals back the remote control immediately before the remote control
sends out the next identity code. Once a temporary communication link is
accomplished, an appliance alone will interpret further commands from the remote
control [21]. Sometimes, it might not be clearly seen that the signal has been received
and appliance starts to function immediately. Therefore, to achieve the signal-back and
clearly indicate the reception to the user, two LED's (red for OFF state and green for
ON state) are added to the receiver hardware. As soon as an identity code is received,
the right LED will be on to indicate the performance of an appliance. If it is seen that
green LED is ON, then the user stops the remote control from transmitting further
identity codes at once. Such an action also indicates to the remote control which
appliance it is supposed tocontrol. In Figure 3.13, the summary of linking procedure is
described with three advantages. First of all, a single remote control is able to control
many appliances. Next, although each appliance is assigned a unique identity code, the
code is transparent to users. And finally, since only a unidirectional link is required,
involving human action in returning signal reduces the hardware requirement. These





Sending an identity code by pressing a buttonon transmitter
1






The identification process works only when the time-lapse between sending two
identity codes is long enough for the user to respond. For instance, if the appliance
receives another identity code, the communication link will be dropped. It can be also
dropped after a time-out period. The ability of remote control to establish
communication link with another appliance without worrying that previously
established communication link still exists actually requires a time-out period. The
time-lapse period can be as short as less than a second. Furthermore, the time-out of
about half a minute should be enough to be accepted.
If the system of linking procedure fails to work, the implementation of hardware must
be properly checked and some other troubleshooting techniques related to the project
must be used.
3.7 Parallel port
In computers, ports are used mainly for two reasons: device control and
communication. We can program PC's parallel ports for both. Parallel ports are mainly
meant for connecting the printer to the PC, butwecanprogram this portfor many more
applications beyond that. Parallel ports are easy to program and faster compared to the
serial ports [14]. But main disadvantage is it needs more number oftransmission lines.
Because of this reason parallel ports are not used in long distance communications. PC
parallel port can be very useful I/O channel for connecting our own circuits and to
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perform some very amusing hardware interfacing experiments, as in this project to
controlappliances from computer using infrared wavesas a signaltransmission.
PC parallel port is 25 pins D-shaped female connector at the back of the computer. Not
all 25 pins are needed always. Usually we can easily do with only 8 output pins (data
lines) and signal ground. Those output pinsare adequate for manypurposes. Those data
pins are TTL level output pins. This means that they put out ideally OV when they are










Pins 18,19,20,21,22,23,24 and 25 are all ground pins (see Figure 3.14 and 3.15).
Initially, before connecting the actual circuit to parallel port, we can make simple
circuit for driving small LED's through PC parallel port. The only components needed
are 8 software controllable LED's and 470 ohm resistors connected in series. The
resistors are needed to limit the current taken from parallel port to a value which light
up acceptably normal LED's and is still safe value (not overloading the parallel port
chip).
Figure 3.14 shows the connection of LED's to the parallel port, where one end of the
LED's goes to data pins and anothergoes to the ground pins.
29

















HUH D5- Datenbit 5
^HSI D4- Datenbit4
i^HB D3 - Datenbit 3
DH D2- Datenbit 2
Bin D1 -Datenbit 1
ERROR 1




By using program command code, when high level logic is sent to the data pin where
the LED is connected, that LED will light on. When low level logic is sent to that same
pin, the LED will no longer light. The command code has to be done through Microsoft
Visual Basic software. For the project, only two pins are taken into consideration. The
first click of any of these considered two buttons will ON that related appliance and
second click on it will make it OFF.
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Unfortunately, due to complexity in transmitter circuit, a parallel port can not be
connected to transmitter. In order, to make the connection, the project's transmitter has





The experiment with a single-channel infrared receiver demonstrated in FYP1
semester has shown positive results. Figure 4.1 shows the experimental set-up. By
using DC and AC voltages through the circuit implemented on a normal breadboard, it
was proven that by universal infrared remote control it is possible to control any of
home appliances, by meaning to switchON and OFF.
Figure 4.1: Single-channel infrared receiver
4.1 Findings
Before proceeding with the actual project system, it was necessary to decode
and list the corresponding codes for each input button on the remote control. To do so,
another infrared receivercircuitwith the computerserial port connection has been used.































































Figure 4.2: Infrared receiver circuit diagramfor decoding the signals
Circuit description
An infrared receiver circuit (see Figure 4.2) has helped a lot for decoding and
studying the signals that are being transmitted by remote control. The detailed
description of circuit is as follow: An infrared receiver module contains three pins,
where pin 1 is connected to +5 V power supply thought resistor (R2). This module can
generate false IR strings when there is high frequency distortion on the +5V supply.
Hence, 22pF capacitor (C3) is connected in between the +5V and ground to filter the
noise received. Pin 3 is connected to the ground and pin 2 to pin RBO of the
PIC16F84A microcontroller as an interrupt-on-change input. By using 22pF capacitors
(CI and C2) and oscillator of 10MHz that are connected tothe OSCl and OSC2 pins of
the microcontroller; we establish high speed oscillations. A red LED is inversely
connected to pin RB2 of the microcontroller through resistor (Rl) to indicate when the
circuit is powered-up. The following is MAX232, which is used as a level translation
IC for serial I/O communication between the receiver circuit and computer. Pin RBI
and RB5 of PIC16F84A are connected to the CMOS input and CMOS output of
MAX232. And then, from MAX232, the RS232 output and RS232 input pins are
connected to the receive-in and transmit-out pins of 9-pin female connector,
respectively. Initially, PIC16F84A was programmed accordingly in order to be able to
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communicate with computer serial port and send the received data to computer (see
Appendix C for PIC coding). The circuit has been implemented on the breadboard (see
Figure 4.3) and the communication between infrared receiver circuit and PC serial port
has been established.
Figure 4.3: Implementation of infrared receiver circuit
But, actually before constructing the circuit on Figure 4.2, PIC16F84A has been
programmed with a simple command just to check that circuit is working. To do that,
the circuit was simplified (see Figure 4.4) and only one output LED, which is
connected to RB3 was tested. The input was the signal received by infrared receiver
module. The programming is quite simple (see Appendix D). When any button on the
remote control is pressed, an input RBO receiver signal and understands it as logic
l(high), and therefore it activates output RB3. When the button is pressed again, the











































Figure 4.4: Single input-output Infrared receiver circuit
Figure 4.5: Implementation circuit inFigure 4.4
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Decoding the signals
An infrared receiver circuit has been implemented on the bread board, and the
next step was to decode and study the received signals. As for transmitter, an available
universal infrared remote control (Model 'AV10') has been used. In order to check the
signal received through serial communication port, the Hyper Terminal program has
been used (the location of program: Start => Programs => Accessories =>
Communications => HyperTerminal). If there is connectivity between receiver circuit
and computer, the signal received at the infrared receiver can beread in ASCII code at
the Hyper Terminal window. The ASCII code for each input button of remote control
has been viewed (see Figure 4.6).
File Edit View Cat Transfer Help
D C2 &t >sD
OOuAuuuuOduOuQufiflOGOQQOOQuuuOfludfldOQuG&O *n W *n W *n U AA yy AA yy
AA yy
• • uu au nu afr A AA
AA "i "i ••,' "i
23 • • • t .1? , .- • -- -' • -"- '• --j-'^ ffl ""•
owwtedoffliy" ''Autodetect jgeqpe-fj-i ' ™oli \cm j^ :tw>-m j^*«
H
Figure 4.6: HyperTerminal Window
By looking at the long strings of characters received and being displayed on the
HyperTerminal Window, itwas difficult to recognize the signal. Therefore, as solution,
PC remote control software was used to clearly see the ASCII character received
through the serial port using its Test Origin feature. The signals obtained for the
respective input numbers pressed on the remote control were translated into three data
formats: ASCII, decimal and hexadecimal (see Figures 4.7, 4.8 and 4.9).
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Figure 4.7: Reading ASCII charactersfor remote control buttons
Show data comingfrom:
Serialport
255 255 255 255 255 255 255 255
255 223191191255 251251255
255 255127127 255 247 247 255
255 255 255 255 255 255 255 255
255 255 255 255 255 255 255 255
255 223 255 255 255255 255 255
255 255 253 251 251 255 255 255
255 255255127127 255 255 255




















FFDF FFFFFFFF FFFFFFFFDF FFFFFFFFFFFFFFFFDF FFFFFFFF
FFFFFF
FFFFFD FBFBFFFFFFFFFFFFFFFD FBFBFFFFFFFFFF
FF FF FF 7F7F FF FF FF FF FF FF FF FF 7F 7F FF FF FFfF:FF
FFFFFFFFFFDF BFFFFFFFFFFFFFDF BFFFFFFFFFFFFFDF BFFF
Close Help
Figure 4.9: Reading hexadecimal valuesfor remote control buttons
The signal codes for each button were obtained as a repetition of strings. The repetition
of strings depends on how often and for how long the specific button has been pressed.
Therefore, to define the difference between the signal codes of remote control buttons,
a single string is enough (see Figure 4.8).
Once the signal codes for each button of remote control are retrieved, they can be used
for further applications. One of these applications is to design the Graphical User
Interface using Visual Basic and control the Windows applications (e.g. Windows
Media player, Winamp, Microsoft Office). The application covers the capability of the
receiver to receiver the signals sent from remote control, transmit them to the PC
through serial port communication and lastly the interfacing software should start an
application if the received ASCII characters match any of the defined characters.
Another application is to control the multiple outputs of the receiver. In this case, PIC
microcontroller has to be reprogrammed according to the number outputs that has to be
controlled. While writing the programming by, for example, C language, any of the
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data formats (ASCII, decimal, or hexadecimal) can be used. In program these data
formats have to be defined as single string.
A universal IR remote control works on the principle that almost all remote
control devices work, on a limited number of codes. There may be numerous
televisions, stereo and other manufacturers in the world, but they all use the same
handful of frequencies and programming codes. By identifying and listing the codes
used by individual manufacturers, a universal remote control can duplicate the
functions of the original remote. Consumers simply find their make and model of
electronic device in the coding list, and then use the universal remote control's function
keys to enter the necessary information. Different universal remote control models
control different electronic devices, so consumers should choose accordingly. Some
models only replace one system, such as television, while others can control almost
every electronic or electrical device. If a universal remote control operates more than
one system, keypad controls for separate devices should be present. A function key for
each system should be depressed first to let the remote know which device to control.
Figure 4.10 shows the set-up of universal infrared remote control system. In these
transmitter and receiver models, a total of fifteen inputs and related outputs are
specified as communication objects. Both transmitter and receiver boards use 9 VDC
supply. The lamp is connected through the relay board to output pin number 1 on the
receiver. The transmission range is about 30 meters long.




This project presents how a universal infrared remote control design is carried
out. The main idea of the project is to achieve a simple and cost effective universal
infrared remote control system and to control the home appliances such as fan and
lamp.
A clear definition on the remote control operation has been acknowledged.
Several experiments related to infrared remote control system were conducted and the
results were noted. The final outcome of the project is user-friendly and can be
extendedand appliedto various applications with additional features.
It is been a great experience to work on this project. The basic knowledge
learned during the early years of study in Electrical and Electronics Engineering was
reapplied. Besides, new knowledge have been gained in usage of PIC microcontroller
in the circuits, C language programming and burning data into PIC microcontroller. An
ability to decode the signals transmitted from remote control is a bigpartof the project.
A new knowledge have been extended also in using the decoded signals for Graphical
User Interface through Visual Basic and programming PIC microcontroller to control
the outputs.
There are several recommendations based on the completion of the project. An
infrared remote control system that is designed in this project can be applied to various
applications such as controlling the lights and white board in the new lecture halls of
Universiti Teknologi PETRONAS by universal infrared remote control, since they are
still controlled by manual switches.
Besides, the system can be upgraded with more operations and easily used at home.
The receiver model can be used as a central device and placed somewhere in the corner
of the room. All the appliances that are intended to be controlled will require additional
relay connections with some extra wires, and accurately arranged without causing any
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Appendix A:Required componentfor Universal infrared remote control transmitter's
implementation
Components Quantity
Rl, 1K8 (brown, grey, red) 1
R2, IK (brown, black, red) 1
R3, 33 (orange, orange, black) 1
R4, 68 Vi W (blue, grey, black) 1
R5, 1 l/2 W (brown, black, gold) 1
D1,D2,D4 IN4148 diode 3
Tl, BC547 NPN transistor 1
T2, BC640 PNP transistor 1
CI, lOOpF ceramic capacitor 1
C2, 220pF ceramic capacitor 1
C3, lOuF electrolytic capacitor 1
C4, C5, 470 uF electrolytic capacitor 2
LD1,LD2,LD3,LD4,LED 4
SAA3004 remote control transmitter, ICl 1
455kHz ceramic resonator 1
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D1...DI6, 1N4148 diode 16
D17,D18, 1N4000...4007 2
Tl, BC547 NPN transistor 1
CI, C2 18pF 2




ICl, PIC16C55 XT/P, IR remote control receiver
IC2, ULN2003 High Voltage & Current driver, IC2
IC3, ULN2803 Octal High Current & Voltage driver
MODI, IR receiver module, carrier 38kHz
XI, X-TAL 4.000000 MC - HC-49/U
VR1, UA7805 1A- 5V TO-220
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#define RS232JCMIT PIN_B1 // (output) RS232 serial transmit
#define RED_LED PIN_B2 // (output) Red LED (low true)
#define IR_LED PIN_B3 // (output) Infrared LED(lowtrue)
#define IR_SENSOR PIN_B4 // (input) IR sensor(Sharp IS1U30)
#define RS232_RCV PIN_B5 // (input) RS232 serial receive







// Default TRISbits: RS232_RCV and IR_SENSOR are inputs, all
// others are outputs
//














#byte INTCON = OxOB







// Port BO is also an input (jumpered from IR_RECEIVE port)
#define IRDA_TRIS (IRX_B_TRIS | ObOOOOOOOl)
//Minimum IRDApulse is 1.63 uSec. With 400 nSec instruction
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// cycle time (10MHz clock), this requires 4+ cycles, ergo 5.
//
#define IRDA_PULSE_CYCLES 5










// Wait until the *previous* bit period has expired, then
//write a single bit using IrDA 1.0 protocol: a 1.63 uSec
// pulse for a zero bit, no pulse for a one bit.
//
// Reads low order bit in b
//
void putIRDABit(int b) {
do {}while(IINTCON.TOIF); // wait for TMRO to expire
set_rtcc(256-IRDA_BIT_TICS); // reset fornextbitperiod
INTCON.T0IF = 0;
output_high(PIN_A2); // for 'scopetesting





output_low(PIN_A2); // for 'scopetesting
}
// write a start bit, 8 bits of b (LSB first), and a stop


































// Send all the chars in Buf[] via IrDA
//
void putIRDABuf(int count) {
int i;
INTCON.TOIF= 1; //makes putIRBit() start immediately






// Wait for an IR start bit. If no start bit
// was seen within the timeout interval, return
// 0. Otherwise set up RTCC to roll over in the



















return 0; // start bit not seen
}
// Wait for TMRO to indicate the end of a bit cell. If
// in that time an IR pulse has been received, return a










set_rtcc(256-IRDA_BIT_TICS); // reset for next bitperiod
INTCON.TOIF = 0;




}// Read a single IrDA byte. Assumes the start bit has
// already been detected and that RTCC is set to roll














// Read bytes from the IrDA input and store them
// in gBuf[]. Upon entry, it's assumed that a
// start pulse has been detected and that RTCC
// is set up to roll over in the middle of the
// first bit period.
//
// Returns when no start bit is detected within















#use rs232(baud=9600, xmit=RS232_XMIT, rcv=RS232_RCV)
// The following assume an RTCC prescaler of 4:1, or 1600 nSectics
//




// Send all the chars in Buf[] via RS232
//
void putRS232Buf(int count) {
int i;
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// Look for an RS232 start bit, returning 1 if
// a start bit was detected or 0 if no start bit






if (kbhit()) return 1;
}
return 0; // timed out waiting for RS232 data
}
// Read bytes from the RS232 input and store them
// in gBuf[]. Upon entry, it's assumed that an
// RS232 start bit has been detected.
//
// Returns when no start bit is detected within




int count = 0;
do{
gBuf[count++] = getc();








// loopuntil an IrDAstartbit or a serial startbit
// is detected.
//
// If an IrDA bit is seen, set up RTCC to interrupt
// after 1.5 bit cells and return IRDA^SEEN. Otherwise





























// reality check at startup
extjnt_edge(H_TO_L); // watch for leading edge of IR pulse
printf("Decoding the remote control Vl.l\r\n");
while (1){









































































































































































































































































































































































































































































































































































































Appendix F: Data sheets
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SHARP IS1U60/IS1U60L
IS1U60/IS1U60L Sensors with 1-Package Designof Remote Control Detecting
Functions owing to OPIC
• Features
1. l-package design owing to adoption of OPIC
2. Compact
(Volume: About 1/8comparedwith GP1U58X)





Outline Dimensions (Unit: mm)
IS1U60
3.5 3.5





IAbsolute Maximum Ratings (Ta=25"C)
Parameter Symbol Rating Unit
Supply voltage Vcc Oto 6.0 V
•'Operating temperature 1 opr - 10 to +60 °C
Storage temperature Tslg -20 to +70 'C
"2SoIdering temperature Tsol 260 'C
* 1 No dew condensation is allowed.
























' "OPIC" (Optical IC) is a trademark of the SHARP Corporation.
An OPICconsistsof a light-detecting clementandsignal-processing circuit





Operating supply voltage Vcc 4.7 to 5.3 V
" In the absence of conlimiatbn by device specification sheets. SHARP lakes no responsibility for any defects that occur in equipment using any of SHARP'S devices, shown in calaiogs,
data books, etc. Contact SHARP in order to oblain the latest version of the device specification sheets before usfrig any SHARFs device."
SHARP IS1U60/IS1U60L
• Electrical Characteristics (Ta=25°C,Vcc=+5V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Dissipation current Ice No input light - 2.8 4.5 mA
High level output voltage Voh *3, Output terminal OPEN Vcc- 0.2 - - V
Low level output voltage Vol *3, *4 - 0.45 0.6 V
High level pulse width Ti *3 400 - 800 Us
Low level pulse width T2 400 - 800 lis
B.P.F. center frequency fo - 38 - kHz
Linear ultimate distance L <t>,9= 0\E„< 10 lx 5.0 - - m
Linear ultimate distance Li <b -±30" (9 - 0°)6 -± 15° (ib = 0°)E=< 10lx 3,0 - - m
"J The burst wave as shown in the following figure shall be transmitted.
*4 Pull-up resistance : 2.2kQ




m 600ms ^ 600|15 ^
Internal Block Diagram












Using the transmitter shown in Fig. I,the output signal ofthe light detecting unit is good enough to meet the following items in the standard optical system in Fig. 2.
(1) Linear reception distance characteristics
When L=0.2 to5m, Ee < 10 Ix {*4) and <£• =0' inFig. 2,the output signal shall meet the electrical characteristics inthe attached list.
(2) Sensitivity angle reception distance characteristics
When L=0.2 to3 m, Ee< 10lx{*4)and <(><= 30° inthedirection X and 8 =0' inthedirection Y inFig. 2,
the output signal shall meet the electrical characteristics in the attached list Further, the electrical characteristics shall be met
whenL=0.2to5m,Ee<10lx(*4)and<|> =0'in thedirection Xand 6<= 15" inthedirection Y.








Intheabove figure, thetransmitter should besetso thattheoutput Vout canbe40mVP. P.
However, thePD49PI tobe used here should beoftheshort-circuit current Isc=2.6 jl Aat Ev=100 lx.






detector face illuminance : Ee
ZSVout)
Fig. 2 Standard optical system
SHARP
Fig. 1 B.P.F. Frequency Characteristics (TYP.)
f\
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Fig. 3 Sensitivity Angle (Direction Y)
Characteristics (TYP.) for Reference












Fig. 5 AEHA (Japan Association of Electrical Home Appliances)




Fig. 2 Sensitivity Angle (Direction X)
Characteristics (TYP.) for Reference
Angular displacement $
Fig. 4 RelativeReception Distancevs. Ambient
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IS1U60/IS1U60L
• Precautions for Operation
(1) Use the light emitting unit (remote control transmitter), inconsideration ofperformance, characteristics, operating conditions of
lightemitting device andthe characteristics of the lightdetecting unit.
(2) Pay attention toa malfunction of the light detecting unit when the surface isstained with dust and refuse.
Care must be taken not to touch the light detector surface.
• Conduct cleaning as follows.
(3) Cleaning
Solvent dipcleaning : Solvent temperature of 45 °C max., dipping time : Within 3 minutes
Ultrasonic cleaning : Elements are affected differently depending onthe size ofcleaning bath, ultrasonic output, time,
size of PWB and mounting method of elements.
Conduct trial cleaning onactual operating conditions inadvance tomake sure that noproblem results.
• Use the following solvents only.
Solvents : Ethyl alcohol,methylalcoholor isopropyl alcohol
(4) To avoid the electrostatic breakdown ofIC, handle the unit under the condition ofgrounding with human body, soldering iron, etc.
(5) Do not apply unnecessary force to the terminal.
















"his data sheet provides information on subminiature size, axial lead
unted rectifiers for general-purpose low-power applications.
chanical Characteristics
Case: Epoxy, Molded
Weight: 0.4 gram (approximately)
Finish: All External Surfaces Corrosion Resistant and Terminal Leads are
Readily Solderable
Lead and Mounting Surface Temperature for Soldering Purposes:
220°C Max. for 10 Seconds, 1/16" from case
Shipped in plastic bags, 1000 per bag.
Available Tape and Reeled, 5000 per reel, by adding a "RL" suffix to the
part number
Polarity: Cathode Indicated by Polarity Band















Rating Symbol 1N4001 1N4002 1N4003 1N4004 1N4005 1N4006 1N4007 Unit
3eak Repetitive Reverse Voltage





50 100 200 400 600 800 1000 Volts
^on-Repetitive Peak Reverse Voltage
(halfwave, single phase, 60 Hz)
vRSM 60 120 240 480 720 1000 1200 Volts
RMS Reverse Voltage VR(RMS) 35 70 140 280 420 560 700 Volts
Average Rectified Forward Current
(single phase, resistive load,
60 Hz, see Figure 8, Ta = 75°C)
"0 1.0 Amp
Mon-Repetitive Peak Surge Current
(surge applied at rated load
conditions, see Figure 2)
Ifsm 30 (for 1 cycle) Amp







laximum Instantaneous Forward Voltage Drop
(ip = 1.0 Amp, Tj = 25°C) Figure 1
laximum Full-Cycle Average Forward Voltage Drop
(Iq = 1.0 Amp, T|_ = 75°C, 1 inch leads)
laximum Reverse Current (rated dc voltage)
(Tj = 25°C)
<Tj* 100°C)
laximum Full-Cycle Average Reverse Current
(Iq = 1.0Amp, TL = 75°C, 1 inch leads)
licates JEDEC Registered Data


































1. ALL RULES AND NOTES ASSOCIATED WITH
JEDEC D0-41 OUTLINE SHALL APPLY.
2. POLARITY DENOTED BY CATHODE BAND.




MIN MAX MIN MAX
A 4.07 5.20 0.160 0.205
R 2.04 2.71 0.080 0.107
D 0.71 0.B6 0.028 0.034
F 1.27 0.050
K 27.94 — 1.100 —
otorola reserves theright tomake changes without further notice toanyproducts herein. Motorola makes nowarranty, representation orguarantee regarding
e suitability ofitsproducts foranyparticular purpose, nordoes Motorola assumeanyliability arising outoftheapplication oruse ofanyproduct orcircuit, and
>ecifically disclaims anyandallliability, including without limitation consequential orincidental damages. "Typical" parameterswhich maybe provided inMotorola
itasheets and/orspecifications cananddovaryindifferent applications andactualperformance mayvaryovertime. All operating parameters,includingTypicals"
ust be validated foreach customerapplication bycustomer'stechnical experts. Motorola does notconveyanylicenseunderItspatent rights northe rights of
hers. Motorola products are not designed, intended, or authorized foruse as componentsin systems intended forsurgical implant intothe body, or other
)plications intended tosupport orsustain life, orforanyotherapplication inwhich thefailure oftheMotorola product could createasituation where personal injury
deathmayoccur. Should BuyerpurchaseoruseMotorola products foranysuchunintended orunauthorized application, Buyershall indemnify andhold Motorola
id Its officers, employees, subsidiaries, affiliates, anddistributors harmless against all claims, costs,damages, andexpenses,and reasonable attorney fees
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pportunity/AffirmativeAction Employer.
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Hermetically sealed leaded glass
SOD27 (DO-35) package




Repetitive peak reverse voltage:
max. 100 V







The 1N4148 and 1N4448 are high-speed switching diodes fabricated in planar
technology, and encapsulated in hermetically sealed leaded glass SOD27
(DO-35) packages.
€3 H4-
The diodes are type branded.
Fig.1 Simplified outline (SOD27; DO-35) and symbol.
IMITING VALUES
i accordance with the Absolute Maximum Rating System (IEC 60134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
/rrm repetitive peak reverse voltage _ 100 V
/r continuous reverse voltage - 75 V
F continuous forward current see Fig.2; note 1 - 200 mA
FRM repetitive peak forward current - 450 mA












Dtot total power dissipation Tamb = 25 °C; note 1 - 500 mW
rstg storage temperature -65 +200 °C
H junction temperature - 200 °C
ote





= 25 °C unless otherwise specified.
Product specification
1N4148; 1N4448





lF = 10 mA









* reverse current VR = 20 V; see Fig.5 25 nA
VR = 20 V;Tj = 150 °C; see Fig.5
-
50 uA
^ reverse current; 1N4448 VR = 20 V; Tj= 100 °C; see Fig.5 - 3 uA
'd diode capacitance f=1MHz;VR = 0;seeFig.6 - 4 PF
r reverse recovery time when switched from If = 10 mA to
lR = 60mA; RL = 100 ft;
measured at lR = 1 mA; see Fig.7
4 ns
'fr forward recovery voltage when switched from If = 50 mA;




SYMBOL PARAMETER CONDITIONS VALUE UNIT
*th j-tp thermal resistance from junction to tie-point lead length 10 mm 240 K/W
*th j-a thermal resistance from junction to ambient lead length 10 mm; note 1 350 K/W
ote





NPN general purpose transistors
Product specification






NPN general purpose transistors
EATURES
Low current {max. 100 mA)
Low voltage (max. 65 V).
PPLICATIONS
General purpose switching and amplification.
ESCRIPTION
PN transistor in a TO-92; SOT54 plastic package.











Fig.1 Simplified outline (TO-92; SOT54)
and symbol.
MITING VALUES
accordance with the Absolute Maximum Rating System (IEC 134).





























collector current (DC) - 100 mA
CM peak collector current - 200 mA
BM peak base current - 200 mA
'tot total power dissipation Tamb< 25 °C; note 1 - 500 mW
stg storage temperature -65 +150 °C
j junction temperature - 150 °C
amb operating ambient temperature -65 +150 °C
ote
. Transistor mounted on an FR4 printed-circuit board.
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hilips Semiconductors Product specification
NPN general purpose transistors BC546; BC547
HERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
*th j-a thermal resistance from junction to ambient note 1 0.25 K/mW
ote
Transistor mounted on an FR4 printed-circuit board.
HARACTERISTICS
= 25 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
SBO collector cut-off current |e = 0;Vcb = 30V - - 15 nA
lE = 0;VCB = 30V;Tj= 150 °C - _ 5 uA
EBO emitter cut-off current lc = 0; VEB = 5 V - - 100 nA

















lc = 2 mA; VCE = 5 V;















lc= 10 mA; lB = 0.5 mA - 90 250 mV
lc= 100 mA; lB = 5mA - 200 600 mV
^BEsat base-emitter saturation voltage lc = 10 mA; Ib = 0.5 mA; note 1 - 700 - mV
lc = 100 mA; lB = 5 mA; note 1 - 900 - mV
/be base-emitter voltage lc = 2 mA; VCE = 5 V; note 2 580 660 700 mV
lc = 10mA;VCE = 5V - - 770 mV
Jc collector capacitance lE = iB = 0;VCB = 10V;f=1MHz - 1.5 - pF
je emitter capacitance lc = ic= 0; Veb = 0.5 V;f = 1 MHz - 11 _ pF
T transition frequency lc = 10mA; VCE = 5 V; f = 100 MHz 100 - - MHz
: noise figure ]c = 200 uA; VCE = 5 V;




VBEsat decreases by about 1.7 mV/K with increasing temperature.





PNP medium power transistors
Product specification





hilips Semiconductors Product specification
PNP medium power transistors BC636; BC638; BC640
HERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
^th j-a thermal resistance from junction to ambient note 1 150 K/W
lote
. Transistor mounted on an FR4 printed-circuit board.
HARACTERISTICS
i = 25 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
CBO collector cut-off current lE = 0; VCB = -30 V _ -100 nA
Ie = 0;VCb=-30V;Tj = 150°C
-
-10 MA
EBO emitter cut-off current Ic = 0;Veb = -5V _ -100 nA
1FE DC current gain VCe = -2 V; see Fig.2
lc = -5 mA
lc= -150 mA













^CEsat collector-emitter saturation voltage lc = -500 mA; lB = -50 mA - -0.5 V
*/be base-emitter voltage lc = -500 mA; VCE = -2 V _ -1 V
T transition frequency lc = -50 mA; VCE = -5 V; f = 100 MHz 100 - MHz
hFE1
hFE2
DC current gain ratio of the
complementary pairs
|lcl= 150mA; |VCe1=2V 1.6
001 Oct 10
'hilips Semiconductors
PNP medium power transistors
EATURES
High current {max. 1 A)
Low voltage (max. 80 V).
^PLICATIONS
Audio and video amplifiers.
iESCRIPTION
NP medium power transistor in a TO-92; S0T54 plastic








Fig.1 Simplified outline (TO-92; SOT54)
and symbol.
IMITING VALUES
i accordance with the Absolute Maximum Rating System (IEC 60134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
^CBO collector-base voltage open emitter
BC636 - -45 V
BC638 - -60 V
BC640 - -100 V
^CEO collector-emitter voltage open base
BC636 - -45 V
BC638 - -60 V
BC640 - -80 V
^EBO emitter-base voltage open collector - -5 V
C collector current (DC) - -1 A
CM peak collector current - -1.5 A
BM peak base current - -200 mA
3tot total power dissipation Tamb< 25 °C; note 1 - 0.83 W
Tstg storage temperature -65 +150 °C
n junction temperature - 150 °C
' amb operating ambient temperature -65 +150 °C
lote




18-pin Flash/EEPROM 8-Bit Microcontrollers





• Extended voltage range devices available
(PIC16LF8X, PIC16LCR8X)
High Performance RISC CPU Features:
• Only 35 single word instructions to learn
• All instructions single cycle except for program
branches which are two-cycle
• Operating speed: DC -10 MHz clock input














P1C16F83 512 Rash 36 64 10
P1C16F84 1 K Flash 68 64 10
PIC16CR83 512 ROM 36 64 10
PIC16CR84 1 KROM 68 64 10
• 14-bit wide instructions
• 8-bit wide data path
• 15 special function hardware registers
• Eight-level deep hardware stack
• Direct, indirect and relative addressing modes
• Four interrupt sources;
- External RB0/INT pin
- TMRO timer overflow
- PORTB<7:4> interrupt on change
- Data EEPROM write complete
• 1000 erase/write cycles Flash program memory
• 10,000,000 erase/write cycles EEPROM data mem
ory
• EEPROM Data Retention > 40 years
Peripheral Features:
• 131/0 pins with individual direction control
• High current sink/source for direct LED drive
- 25 mA sink max. per pin
- 20 mA source max. per pin
• TMRO: 8-bit timer/counter with 8-bit
programmable prescaler

































• In-CircuitSerial Programming (ICSP™) - via two
pins (ROM devices support only Data EEPROM
programming)
• Power-on Reset (POR)
• Power-up Timer (PWRT)
• Oscillator Start-up Timer (OST)
• Watchdog Timer (WDT)with its own on-chip RC
oscillator for reliable operation
• Code-protection
• Power saving SLEEP mode
• Selectable oscillator options
CMOS Flash/EEPROM Technology:
• Low-power,high-speed technology
• Fully static design
• Wide operating voltage range:
- Commercial: 2.0V to 6.0V
- Industrial: 2.0V to 6.0V
• Low power consumption:
- < 2 mA typical @ 5V, 4 MHz
- 15 jiA typical @ 2V, 32 kHz
- < 1 uA typical standby current @ 2V
DS30430C-page 1
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PIC16C5X Pin-Outs
The following diagrams show the 18-pin and 28-pin PIC16C5x pin-outs:
P1C16CS4, -56, -58 PIC16C55, -57
^ •u
RA2 [ 1 18 ] RA1 RTCC [ 28 J MCLR
RA3 [ 2 17 ] RAO Vdd [ 27 ] OSC1
RTCC [ 3 16 ] OSC1 N/C [ 26 ] DSC2/CLKOUT
MCLR L 4 15 ] OSC2/CLKOUT Vss [ 4 25 ] RC7
VBa [ 5 14 ] van N/C [ 5 24 ] RC6
RBO [ 6 13 ] RB7 RAO [ 6 23 ] RC5
RB1 [ 7 12 ] RB6 RA1 r. 22 ] RC4
RB2 [ 8 11 ] RB5 RA2 [ 8 21 ] RC3









CERDIP RB2 [ 12 17 ] RB7
SOIC RB3 [ 13 16 ] RB6





RA0-RA3 I/O Port A
RBO - RB7 I/O Port B
RCO-RC7 I/O Port C {only on 28-pin PICs)
RTCC Real-time clock/counter input
MCLR Master clear (reset)
OSC1 Oscillator input
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'IC16C5X Microcontrollers
'he table below shows the various PIC16C5x devices available:
PART# ERASE (E)PROM RAM I/O SUPPLY OSC. FREQ.
PIC16C54-RC/P No 512x12 32x8 12 3.00 - 6.25 V RC DC - 4 MHz
PIC16C54-XT/P No 512x12 32x8 12 3.00 - 6.25 V XTAL DC-4 MHz
PIC16C54-HS/P No 512x12 32x8 12 4.50 - 5.50 V XTAL DC - 20 MHz
PIC16C54-LP/P No 512x12 32x8 12 2.50 - 6.25 V XTAL DC-40 kHz
PIC16C54/JW Yes 512x12 32x8 12 3.00 - 5.50 V RCXTAL DC - 20 MHz
PIC16C55-RC/P No 512x12 32x8 20 3.00 - 6.25 V RC DC - 4 MHz
PIC16C55-XT/P No 512x12 32x8 20 3.00 - 6.25 V XTAL DC-4 MHz
PIC16C55-HS/P No 512x12 32x8 20 4.50 - 5.50 V XTAL DC - 20 MHz
PIC16C55-LP/P No 512x12 32x8 20 2.50 - 6.25 V XTAL DC-40 kHz
PIC16C55/JW Yes 512x12 32x8 20 3.00 - 5.50 V RCXTAL DC - 20 MHz
PIC16C56-RC/P No 1Kx12 32x8 12 3.00 - 6.25 V RC DC-4 MHz
PIC16C56-XT/P No 1Kx12 32x8 12 3.00 - 6.25 V XTAL DC - 4 MHz
PIC16C56-HS/P No 1Kx12 32x8 12 4.50 - 5.50 V XTAL DC - 20 MHz
PIC16C56-LP/P No 1Kx12 32x8 12 2.50 - 6.25 V XTAL DC - 40 kHz
PIC16C56/JW Yes 1Kx12 32x8 12 3.00 - 5.50 V RCXTAL DC-20 MHz
PIC16C57-RC/P No 2Kx12 80x8 20 3.00 - 6.25 V RC DC - 4 MHz
PIC16C57-XT/P No 2Kx12 80x8 20 3.00 - 6.25 V XTAL DC - 4 MHz
PIC16C57-HS/P No 2Kx12 80x8 20 4.50 - 5.50 V XTAL DC-20 MHz
PIC16C57-LP/P No 2Kx12 80x8 20 2.50 - 6.25 V XTAL DC-40 kHz
P1C16C57/JW Yes 2Kx12 80x8 20 3.00 - 5.50 V RC.XTAL DC-20 MHz
P1C16LC58A-04/P No 2Kx12 80x8 12 2.50 • 6.25 V RCXTAL DC - 4 MHz
PIC16C58A-04/P No 2Kx12 80x8 12 3.00 - 6.25 V XTAL DC - 4 MHz
PIC16C58A-20/P No 2Kx12 80x8 12 3.00 - 6.25 V XTAL DC - 20 MHz
PIC16C58A/JW Yes 2Kx12 80x8 12 3.00 - 6.25 V RCXTAL DC - 20 MHz
5eripheral Features
n addition to the obvious features shown above, the PICs have a
lumber of not-so-obvious features and qualities that are important:
• Fully staticoperation, allowing youto stop the oscillator and then
restart where you leftoff, withall registers intact. This is useful in
applications where power conservation is important.
• Individual I/O pins are programmable as inputs or outputs.
Sink current: 25 mA per pin, 50 mA per port
Source current: 20 mA per pin, 40 mA per port
• 2-level hardware stack.
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Real-Time Clock/Counter (RTCC). The RTCC is an 8-bit counter,
which can be driven by the RTCC pin or by the PICs internal
instruction clock (OSC/4). Ifthe external pin is used, the counter
can be set to increment on low-to-high or high-to-low transitions.
Normally, the RTCCis driven directlybyeither source. For higher
count values, though, the prescaler can be used to effectively
increase the RTCC to 16 bits.
The RTCCsignal source and trigger edge are determined by bits
in the Option register (see next section for register descriptions).
See the Microchip PIC16C5x data sheet for details concerning
timing characteristics for the RTCC's external input.
Watchdog Timer (WDT). When enabled, the watchdog timer is
used to reset the PIC if the program has "crashed." Normally, a
CLR WDT instruction in the main loop of your program would
prevent the watchdog timer fromever timingout and resetting the
PIC. However, if the program was not executing properly, the
watchdog timer would reset the PIC.
The watchdog timerworksfroman internaloscillator,allowing itto
run even if the PICs main oscillator has stopped. The watchdog
timer's normal time-out period is 18 ms, but can be increased to
several seconds by using the post-sealer.
Prescaler/Post-scaler. This 8-bit counter can be assigned to the
RTCC (as a prescaler) or the watchdog timer (as a post-sealer).
Forsimplicity,thiscounterisnormallyreferredtoasthe"prescaler,"
even when it's used as a post-sealer.
When assigned to the RTCC, the prescaler is placed between the
RTCC and its clock source. The clock signal which would normally
incrementthe RTCC, increments the prescaler. When the prescaler
overflows, the RTCC is incremented. Increment ratios from 1:2 -
1:256 can be used, effectively giving you a 16-bit RTCC.
When assigned to the watchdog timer, the prescaler is placed
between the watchdog timer and the PICs reset circuit. The
watchdog timer signal which would normally reset the PIC,
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increments the prescaler. When the prescaler overflows, the PIC
is reset. Delay ratios from 1:1 -1:128 can be used, allowing the
watchdog period to be set from 18 ms to several seconds.
The prescaler setup is determined by bits in the Option register
(see the next section forregister descriptions).
Code-protect fuse. This is a special fuse that can be blown during
programming; once the fuse is blown, the PICs EPROM cannot
be read.
Power saving sleep mode. For applications where low power
consumption is important, the PIC has a sleep mode. This mode
is entered by executing a SLEEP instruction, which shuts down
the oscillator. I/O pins maintain whatever state they had when the
sleep mode was entered.
To awaken the PIC from sleep mode, a reset must be performed,
either from the MCLR pin or from a watchdog timer time-out.
Once the PIC is running, the "PD" and "TO" bits in the Status
register can be read to determine 1) ifthe PIC was powered up or
awakened from sleep, and 2) if the wake-up was caused by an
external reset or by the watchdog timer.
Programmable oscillator type. The PIC can run with any of four
oscillator types, as shown below:
LP: Low power crystal (DC - 40 KHz)
RC: Resistor &capacitor (DC-4 MHz, ±13-39 percent)
XT: Crystal or resonator (100 KHz - 4 MHz)
HS: High speed crystal (4 - 20 MHz)
The oscillator type is determined by two EPROM bits, which are
normally programmed at the factory. The RC and erasable PICs,
however, can be user-programmed for any of the oscillator types.
Keep in mind, though, that RC-type PICs are only tested for use
with RC oscillators.
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Internal Architecture
internally, the PIC is based on a register file concept with separate
busses and memories for data and instructions (sometimes called
"Harvard architecture"). The data bus and memory (RAM) are 8-bits
wide, while the program bus and memory (EPROM)are12-bits wide. All
PIC instructions and their operands fitinto a single 12-bit word, resulting
in smaller code and faster execution. PIC programs are typically 33-50
percent smaller than programs written for 8-bit processors. And most
instructions execute in a single instruction cycle (4 clock cycles);
instructions that affect the program counter take an extra instruction
cycle, for a total of 8 clock cycles. To further increase speed, the PIC
uses overlapping instruction fetch and execution cycles; while one
instruction is executed, the following instruction is being read from
program memory. Because of its efficiency, the PIC can deliver 5 MIPS
execution with a clock frequency of 20 MHz.
PIC16C5x Registers
The following table shows the various PIC16C5x registers; the function
of each register is described in the following pages.
Register Function
OOh Indirect addressing register
01 h Real-time clock/counter (RTCC)
02h Program counter (PC)
- Stack registers (2)
03h Status register
04h File select register (FSR)
05h I/O Port A
06h I/O Port B







08h-0Fh General purpose registers
10h - 1Fh General purpose registers (4 banks in PIC16C57)
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BANKO BANK1* BANK 2* BANK 3*
W register W.register
Stack£2/.
W register W register ;.•
Stack (2) ;''..-Stack (2) "•' :!:;';,Stack.(2)
Option register j.'Option-register1 Opfib.n"register f.Optiom"r.egistor
TRISA ! '"TRISA: ••
'.TRISI#!"--.-
i •. •TRi.s^r '^- \\... .TR'rs'A-:-. ••
TRISB ••••"'tris'b/Vv ••••TRISB- •
TRISC , TRISC^ •'* \":'.!TR(SC.- T-* fhV/TRISC "
)0h Indirect addr. • Indirect adefr. .. Indireckaddr. •' '•""IriHirSjcfaddr...







I3h STATUS . STATUS? -r'V;
I4h FSR RSR,---! • ^'^FSR1' :."-..":f.SR
I5h PORTA • -"PORTA" "" ""' PPRtA- • •:. PORT A •
I6h PORTB ' port' b :.. .. -PORTB-.- •• • • PORTB-:"















































(00h-1Fh) (20h - 3Fh)* (40h - 5Fh)* (60h - 7Fh)*
Available on PIC16C57 only.
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The following text describes the function of each register. For some of
the registers, you'll notice the designation "xxh" following the register
name. This indicates the address of the register. Registers with no
address cannot be addressed directly.
• Indirect Addressing Register (OOh). This register doesn't actually
exist. Naming register OOh in an instruction causes the PIC to read
the register pointed to by register 04h (file select register). For
example, the instruction "add ooh,#05" will not add five to
register OOh; instead, itwilladd five to whatever register is po/rtfed
to by the address in register 04h.
If register OOh itself is read through register 04h (04h contains
"OOh"), OOh will be returned. If register OOh is written to through
register 04h, the PIC will execute a NOP.
• Real-Time Clock/Counter {01h: RTCC). This is the location of the
RTCC (see previous section for a description). Although its
contents may change in response to a clock signal, the RTCC
register may be read and written just as any other register.
• Program Counter (02h: PC). The program counter holds the
address forthe instruction currently being executed. The program
counter and its associated two-level stack are 9-11 bits wide,
depending on the EPROM size of the PIC being used.
Certain instructions affect the program counter, as shown below:
GOTO (Microchip) and JMP (Parallax) load the lower 9 bits of
the program counter. In the PIC16C56 and '57, which have
more than 512 words of EPROM, the upper two bits of the
program counter are loaded with the page select bits from the
status register. The Parallax instruction set includes a conve
nient instruction, LJMP, which sets the page select bits before
executing the jump.
CALL loads the lower 8 bits of the program counter and clears
the ninth bit. The program counter +1 is pushed into the stack.
In the '56 and '57, the upper two bits of the program counter
are loaded with the page select bits from the status register.
The Parallax instruction set includes LCALL, which sets the
page select bits before executing the jump.
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RETLW (Microchip) and RETW (Parallax) load the program
counter with the address most recently pushed on the stack
by a CALL instruction.
Instructions which load a computed value into the program
counter, such as JMP PC+W, load the value into the lower 8
bits. The ninth bit of the program counter is cleared. In the
PIC16C56 and '57, the upper two bits of the program counter
are loaded with the page select bits from the status register.
Itshould be noted that because the ninth bitof the program counter
is cleared by CALL instructions and computed value instructions
(such as JMP PC+W), all subroutine calls and computed jumps
must have their destination in the first 256 locations of any page
(each page is 512 words).
As you may have noticed when reading the JMP and CALL
paragraphs above, the program counter may not be loaded as
expected when using a PICwith more than 512words of EPROM.
This is because the upper two bits of the program counter are
loaded with the page select bits from the status register. Ifyour
program continues intothe second page ofmemory and executes
a JMP without having properly set the page select bits, execution
may jump to another page (probably notwhat you want). To avoid
this mistake, make sure to set the page select bits for the correct
page. Or,use the Parallax"long" instructions, which dothisforyou
(long instructions are LCALL, LJMP, and LSET).
Stack. The stack isa pairof registers whichare used forcallingand
returning from subroutines. The stack is affected by two instruc
tions:
When a CALL is executed, the first stack register is copied
into the second register, then the program counter + 1 (the
return address) is loaded into the first register. The original
contents of the second register are lost. Finally, the program
counter is loaded with the subroutine address, at which point
execution continues.
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When a RETLW (Microchip) or RETW (Parallax) is executed,
the first stack register is copied into the program counter, then
the second register is copied into the first register. Execution
continues at the address loaded from the first stack register.
Status Register (03h). This register contains the status of the
PICs arithmetic logic unit (ALU), the reset status, and the page
select bits for PICs with more than 512 words of EPROM.
The function of each bit in the status register is shown below:
Bit Function
0 Carry bit (C). Set ifan addition or subtraction causes
an overflow from the most significant bit of the result
ant (bit 7). Subtraction is included because it's ex
ecuted by adding the two's complement.
Also used by rotate instructions, which rotate the
contents of a register and copy the low or high order
bit of the register into the carry bit.
1 Digit carry bit (DC). Set if an addition or subtraction
causes an overflow from the 4th low order bit {bit 3).
Digitcarry indicates that more than one hex digit {4
bits) was necessary to accomodate the result.
2 Zero bit (Z). Set ifthe result of an arithmetic or logic
operation is zero.
3 Power-down bit (PD). Set during power-up or by a
CLR WDT (clear watchdog) instruction. Cleared by a
SLEEP instruction.
4 Time-out bit (TO). Set during power-up, by CLR
WDT, or by SLEEP. Cleared by a watchdog time-out.
5-6 Page select bits (PAO, PA1). Inthe '54 and '55, these
are unused. In the '56, bit 5 selects program page 0
or 1 (bit 6 is unused). In the '57, both bits select page
0,1, 2, or 3. Each page is 512 words long.
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Bit Function
7 Unused bit (PA2). Reserved by Microchip for future
use.
The following table shows how various events affect the






Lastly, this table shows the status of the power-down and
time-out bits after a reset:
Cause of Reset PD TO
Watchdog time-out (not during sleep) 1 0
Watchdog time-out(during sleep) 0 0
External reset (not during sleep) x x
External reset {during sleep) 0 1
Normal power-up 1 1
File Select Register {04h: FSR). This register serves a dual
purpose: it selects the register for indirect addressing, and it
selects the current register bank in the PIC16C57.
In all PIC16C5x devices, bits 0-4 select one of 32 registers in the
current bank (only the '57 has more than one bank).
Inthe PIC16C57, bits 5-6 select one of four register banks. Each
bank has 32 registers. However, reading or writing the lower 16
registersinany bankwill access registersOOh -OFh (bank0).Only
the upper 16registers ineach bank are unique.This results in one
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The following table shows the function of each FSR bit:
Bit Function
0-4 Available in all PICs; select one of 32 registers in the
current bank (only the '57 has more than 1 bank).
5-6 PIC16C57 only; select one of four register banks.
7 Read-only bit; always reads as "1".
This table shows the registers available in the various PICs:
Registers Description
OOh - 07h Special registers, bank 0 (RTCC, PC, etc.)
08h - OFh General purpose registers, bank 0
10h - 1Fh General purpose registers, upper half of bank 0
End of register memory in '54, '55, and '56.
20h - 2Fh Reads/writes registers OOh - OFh
30h - 3Fh General purpose registers, upper half of bank 1
40h - 4Fh Reads/writes registers OOh - OFh
50h - 5Fh General purpose registers, upper halfof bank 2
60h - 6Fh Reads/writes registers OOh - OFh
70h - 7Fh General purpose registers, upper half of bank 3
The register selected in the FSR can be accessed in the indirect
addressing mode (see descriptionofindirectaddressing register,
earlier in this section).
In the PIC16C57, all registers can be accessed through indirect
addressing. However, to access registers above 1Fh using direct
instructions, you must set the page select bits (5-6) to the
appropriate page, then read or write the corresponding register in
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bank 0. For instance, to load register 30h with #A5h, you would
execute the following instructions:
MOV 04h,#00100000b ,-Select bank 1
MOV 10h,#A5h ;Load register lOh in
r^ank 1 (register 30h)
;with #A5h
I/O Port A (05h: RA or Port A). 4-bit I/O port. This register is used
to read and write I/O Port A. This register can be read and written
just as any other register. However, read instructions always read
the I/O pins, regardless of whether the pins are programmed as
inputs or outputs.
The upper 4 bits are unused and read as 0's.
I/O Port B (06h: RB or Port B). 8-bit I/O port.
I/O Port C (07h: RC or Port C). 8-bit I/O port, only available on 28-
pin PICs. On 18-pin PICs, this register can be used for storage.
TRISA (TRI-State A). This is the data direction register for Port A.
Bits in this register which are set to "1" cause the corresponding
bits in Port A to become inputs (the pins go into high impendence
mode, allowing them to be driven by an external source). Bits
which are cleared to "0" cause the corresponding bits in Port A to
become outputs.
The data direction registers are not directly addressable; to
change their contents, you can use either of these instructions:
tris port_fr (Microchip) Copies W into
the data direction register
for port_fr, where port_fris
05h-07h.
MOV !port_fr,#literal (Parallax)Copies//tera/into
the data direction register
for port_fr, where port_fr\s
05h-07h.
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TRISB. Data direction register for Port B.
TRISC. Data direction register for Port C.
W (working register). The W register holds the second operand in
two-operand instructions and is used in internal data transfer;
much like the "accumulator" in other processors.
Option Register. This register defines the prescalerratio, prescaler
assignment, RTCC trigger edge, and RTCC signal source. The
function of each bit in the option register is shown below:
Bit Function
0-2 Prescaler ratio. These 3 bits determine the prescaler
input-to-output ratio. When using the prescaler with
the RTCC, the seven possible ratios are 1:2,1:4,1:8,
1:16, 1:32, 1:64, 1:128, 1:256. When using the
prescaler withthe watchdog timer, the ratios are 1:1,
1:2,1:4,1:8,1:16,1:32,1:64,1:128.
For example, let's say that the prescaler is assigned
to the watchdog timer. To increase the watchdog
time-out period to 64 times its normal length, the
prescaler ratio would be set to 110b; this yields a
watchdog period of approx. 1 second (64 x 18 ms).
3 Prescaler assignment. This bit determines whether
the prescaler is assigned to the RTCC {"0") or to the
watchdog timer ("1").
4 RTCC trigger edge. This bit determines whether the
RTCC increments on a low-to-high {"0") or high-to-
low ("1") transition on the RTCC pin.
5 RTCC signal source. This bitdetermines whether the
RTCC is driven by the PICs internal instruction clock
("0") or by the RTCC pin ("1").
General purpose registers. These registers may be used by your
program for storage of variables, data, etc.
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GENERAL DESCRIPTION
The SAA3004 transmitter ICis designed for infrared remote control systems. It has a total of 448 commands which are
divided into 7 sub-systemgroups with 64 commandseach. The sub-system code may be selected by a press button,
a slider switch or hard wired.
The SAA3004 generates the patternfordriving the outputstage. These patterns are pulsedistance coded. The pulses
are infrared flashes or modulated. The transmission mode is defined in conjunction with the sub-system address.
Modulated pulsesallow receivers with narrow-band preamplifiers forimproved noise rejection tobeused. Flashed pulses
require a wide-band preamplifierwithin the receiver.
The SAA3004 has the following features:
• Flashed or modulated transmission
• 7 sub-system addresses
• Up to 64 commands per sub-system address
• High-current remote output at VDD = 6 V (-I0h = 40 mA)
• Low number of additional components
• Key release detection by toggle bits
• Very low stand-by current (< 2 |oA)
• Operational current < 2 mA at 6 V supply
• Wide supply voltage range (4 to 11 V)
• Ceramic resonator controlled frequency (typ. 450 kHz)
• Encapsulation: 20-leadplasticDIL or 20-lead plastic mini-pack (SO-20)
PACKAGE OUTLINES
SAA3004P: 20-lead DIL; plastic (SOT146); SOT146-1;1996 December 11.
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Key matrix inputs and outputs (DRVON to DRV6N and SENON to SEN6N)
The transmitter keyboard is arrangedas a scanned matrix. The matrix consistsof7 driver outputsand 7 sense inputs as
shown in Fig.1. Thedriver outputs DRVON to DRV6N are open drain N-channel transistors and theyare conductive in
the stand-by mode. The7 sense inputs (SENON to SEN6N) enablethe generation of 56 command codes.
With 2 external diodes all 64 commands are addressable. The sense inputs have P-channel pull-up transistors, so that
theyare HIGH until theyare pulled LOW byconnecting them to an output via a key depression to initiate a code
transmission.
Address mode input (ADRM)
Thesub-system address and the transmission mode are defined byconnecting the ADRM input to one or more driver
outputs (DRVON to DRV6N) ofthe key matrix. If more than onedriver isconnected to ADRM, theymust bedecoupled
by a diode. This allows thedefinition ofsevensub-system addressesas shown in Table 3. If driver DRV6N isconnected
to ADRM the data output format of REMO is modulated or if not connected, flashed.
TheADRM input has switched pull-up and pull-down loads. In the stand-by mode only the pull-down device is active.
Whether ADRM isopen(sub-system address 0, flashed mode) orconnected to thedriver outputs, this input isLOW and
will not cause unwanted dissipation. When the transmitter becomes activeby pressinga key, the pull-down device is
switched off and the pull-up device is switched on, so that the applied driver signals are sensed forthe decoding ofthe
sub-system address and the mode of transmission.
The arrangement ofthe sub-system address coding issuch that only thedriver DRVnN with the highest number (n)
defines thesub-system address, e.g. if driver DRV2N and DRV4N are connected toADRM, only DRV4N will define the
sub-system address. This option canbeused in transmitters for more thanonesub-system address. The transmitter may
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be hard-wired for sub-system address 2 by connecting DRV1Nto ADRM. Ifnow DRV3N is added to ADRM by a key or
a switch, the transmitted sub-system address changes to 4.
A change of the sub-system address will not start a transmission.
Remote control signal output (REMO)
The REMO signal output stage is a push-pull type. In the HIGH state a bipolar emitter-follower allows a high output
current. The timing of the data output format is listed in Tables 1 and 2.
The information is defined by the distance tD between the leading edges of the flashed pulses or the first edge of the
modulated pulses (see Fig.3).
The format of the output data is given in Figs 2 and 3. In the flashed transmission mode the data word starts with two
toggle bits T1 and TO, followed by three bits for defining the sub-system address S2, S1 and SO, and six bits F, E, D, C,
B and A, which are defined by the selected key.
In the modulated transmission mode the first toggle bit T1 is replaced by a constant reference time bit (REF). This can
be used as a reference time for the decoding sequence.
The toggle bits function as an indication for the decoder that the next instruction has to be considered as a new
command.
The codes for the sub-system address and the selected key are given in Tables 3 and 4.
Oscillator input/output (OSCl and OSCO)
The external components must be connected to these pins when using an oscillator with a ceramic resonator.
The oscillator frequency may vary between 400 kHz and 500 kHz as defined by the resonator.
FUNCTIONAL DESCRIPTION
Keyboard operation
Inthe stand-by mode alldrivers (DRVON to DRV6N) are on. Whenever a key is pressed, one or more of the sense inputs
(SENnN)are tied to ground. This will start the power-up sequence. First the oscillator is activated and after the debounce
time tDB (see Fig.4) the output drivers (DRVON to DRV6N) become active successively.
Within the first scan cycle the transmission mode, the applied sub-system address and the selected command code are
sensed and loaded into an internal data latch. In contradiction to the command code the sub-system address is sensed
only within the first scan cycle. Ifthe applied sub-system address is changed while the command key is pressed, the
transmitted sub-system address is not altered.
in a multiple key-stroke sequence (see Fig.5) the command code is always altered in accordance with the sensed key.
Multiple key-stroke protection
The keyboard is protected against multiple key-strokes. Ifmore than one key is pressed at the same time, the circuit will
not generate a new output at REMO(see Fig.5). In case of a multiplekey-stroke the scan repetition rate is increased to
detect the release of a key as soon as possible.
There are two restrictions caused by the special structure of the keyboard matrix:
• The keys switching to ground (code numbers 7,15,23,31, 39,47,55 and 63}and the keys connected to SEN5N and
SEN6N are not covered completely by the multiple key protection. Ifone sense input is switched to ground, further
keys on the same sense line are ignored.
• SEN5N and SEN6N are not protected against multiplekey-stroke on the same driver line, because this condition has
been used for the definition of additional codes (code numbers 56 to 63).
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Output sequence (data format)
The output operation willstart when the selected code is found. A burst of pulses, including the latched address and
command codes, is generated at the output REMO as long as a key is pressed. The format of the output pulse train is
given in Figs 2 and 3. The operation is terminated by releasing the key or if more than one key is pressed at the same
time. Once a sequence is started, the transmitted words will always be completed after the key is released.
The toggle bits TO and T1 are incremented if the key is released for a minimum time tREL (see Fig.4).


































REF = reference time; TOand T1 = toggle bits; SO, S1 and S2 = system address; A, B, C, D, E and F = command bits
(a) flashed mode: transmission with 2 toggle bitsand 3 address bits,followed by 6 commandbits(pulses are flashed).




Fig.2 Data format of REMO output;.
tb
REMO
121 L —I LRJUUL-n
(1) Flashed pulse.





Fig.3 REMO output waveform.
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Table 2 Pulse train separation (tb)















2 x T0 or 3 x T0
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Table 3 Transmission mode and sub-system address selection
The sub-system address and the transmission mode are defined by connecting the ADRM input to one or more driver






# S2 S1 so 0 1 2 3 4 5 6
F 0 1 1 1
L 1 0 0 0 0
A 2 0 0 1 X 0
S 3 0 1 0 X X 0
H 4 0 1 1 X X X 0
E 5 1 0 0 X X X X o
D 6 1 0 1 X X X X X o
M
0 0 1 1 1 0
D 1 0 0 0 0 0
U 2 0 0 1 X 0 0
L 3 0 1 0 X X 0 0
A 4 0 1 1 X X X 0 0
T 5 1 0 0 X X X X o 0
E 6 1 0 1 X X X X X o o
D
Notes
1. o = connected to ADRM
2. blank = not connected to ADRM
3. X = don't care
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Table 4 Key codes
matrix matrix code matrix
drive sense
F E D c B A
position
DRVON SENON 0 0 0 0 0 0 0
DRV1N SENON 0 0 0 0 0 1 1
DRV2N SENON 0 0 0 0 1 0 2
DRV3N SENON 0 0 0 0 1 1 3
DRV4N SENON 0 0 0 1 0 0 4
DRV5N SENON 0 0 0 1 0 1 5
DRV6N SENON 0 0 0 1 1 0 6
Vss SENON 0 0 0 1 1 1 7
note 1 SEN1N 0 0 1 note 2 8 to 15
note 1 SEN2N 0 1 0 note 2 16 to 23
note 1 SEN3N 0 1 1 note 2 24 to 31
note 1 SEN4N 1 0 0 note 2 32 to 39
note 1 SEN5N 1 0 1 note 2 40 to 47
note 1 SEN6N
SEN5N
1 1 0 note 2 48 to 55
note 1 and
SEN6N
1 1 1 note 2 56 to 63
Notes
1. The complete matrix drive as shown abovefor SENON isalso applicable forthe matrix sense inputs SEN 1N to
SEN6N and the combined SEN5N/SEN6N.





SEN6N rjr TFj DRV6N
SEN5N jjT TF| DfiVSN















1 REMO remote data output
2 SEN6N







9 ADRM address mode control input
10 Vss ground
11 OSCl oscillator input
12 OSCO oscillator output
13 DRVON







20 Vdd positive supply
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Supply voltage range Vdd
Input voltage range V|
Output voltage range Vo
D.C. current into any input or output + I
Peak REMO output current
during 10 u.s; dutyfactor= 1% -I(remo)m
Power dissipation per package
forTamb = -20to+70°C Pt0,
Storage temperature range Tstg
-0,5 to+15 V
-0,5 to VDD +0,5 V
















Vss = 0 V; Tamb = 25 °C; unless otherwise specified
Product specification
SAA3004
PARAMETER Vdd (V) SYMBOL MIN. TYP. MAX. UNIT
Supply voltage
Tamb = 0 to +70 °C - Vdd 4-11 V
Supply current; active
fosc = 455 kHz; 6 Idd 1 mA
REMO output unloaded 9 Idd 3 mA
Supply current; inactive
(stand-by mode) 6 'dd - - 2 uA
Tamb = 25°C 9 'dd - - 2 HA
Oscillator frequency
(ceramic resonator) 4 to 11 fosc 400 - 500 kHz
Keyboard matrix
Inputs SENON to SEN6N
Input voltage LOW 4 to 11 V|L 0,2xVDD V
Input voltage HIGH 4 to 11 V|H 0,8 x VDD - V
Input current 4
-l| 10 - 100 uA
V| = 0V 11
-ll 30 - 300 uA
Input leakage current
V, = VDD 11 l| 1 uA
Outputs DRVON to DRV6N
Output voltage "ON"
l0 = 0,1 mA 4 Vol 0,3 V
l0 = 1,0 mA 11 Vol 0,5 V
Output current "OFF"
V0 = 11 V 11 lo - - 10 uA
Control input ADRM
Input voltage LOW
- V|L 0,8 x VDD V
Input voltage HIGH
- V|H 0,2 x VDD - V
Input current (switched P- and
N-channel pull-up/pull-down)
Pull-up active 4 IlL 10 - 100 HA
stand-by voltage: 0 V 11 IlL 30 - 300 uA
Pull-down active 4 llH 10 - 100 uA
stand-by voltage: VDd 11 llM 30 - 300 uA
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PARAMETER Vdd (V) SYMBOL MIN. TYP. MAX. UNIT
Data output REMO
Output voltage HIGH 6 V0H 3 - - V
-Ioh = 40 mA 9 V0H 6 V
Output voltage LOW 6 Vol 0,2 V
Iol = 0,3 mA 9 Vol 0,1 V
Oscillator
Input current
OSCl at VDD 6 Ii 0,8 - 2,7 uA
Output voltage HIGH
-Iol = 0,1 mA 6 V0H Vdd-06 V
Output voltage LOW





DIP20: plastic dual in-line package; 20 leads (300 mil)
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SLLS047L - FEBRUARY 1989 - REVISED MARCH 2004
• Meets or Exceeds TIA/EIA-232-F and ITU
Recommendation V.28
• Operates From a Single 5-V Power Supply
With 1.0-uF Charge-Pump Capacitors
• Operates Up To 120 kbit/s
• Two Drivers and Two Receivers
• ±30-V Input Levels
• Low Supply Current... 8 mA Typical
• ESD Protection Exceeds JESD 22
- 2000-V Human-Body Model (A114-A)
• Upgrade With Improved ESD (15-kV HBM)
and 0.1-uF Charge-Pump Capacitors is
Available With the MAX202
• Applications
- TIA/E1A-232-F, Battery-Powered Systems,
Terminals, Modems, and Computers
jscription/ordering information
The MAX232 is a dual driver/receiver that includes a capacitive voltage generator to supply TIA/EIA-232-F
voltage levels from a single 5-V supply. Each receiver converts TIA/EIA-232-F inputs to 5-V TTL/CMOS levels.
These receivers have a typical threshold of 1.3 V, a typical hysteresisof0.5 V, and can accept ±30-V inputs.
Each driver converts TTL/CMOS input levels into TIA/EIA-232-F levels. The driver, receiver, and
voltage-generator functions are available as cells in the Texas Instruments LinASIC™ library.
ORDERING INFORMATION
MAX232 ... D, DW, N, OR NS PACKAGE


















PDIP{N) Tube of 25 MAX232N MAX232N
SOIC (D)
Tube of 40 MAX232D
MAX232
Reel of 2500 MAX232DR
SOIC (DW)
Tube of 40 MAX232DW
MAX232
Reel of 2000 MAX232DWR
SOP (NS) Reel of 2000 MAX232NSR MAX232
-40°C to 85°C
PD!P(N) Tube of 25 MAX232IN MAX2321N
SOIC (D)
Tube of 40 MAX232ID
MAX232I
Reel of 2500 MAX232IDR
SOIC (DW)
Tube of 40 MAX232IDW
MAX232I
Reel of 2000 MAX232IDWR
t Package drawings, standard packing quantities, thermal data, symbolization, and PCB design
guidelines are available at www.ti.com/sc/package.
Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductorproductsand disclaimers thereto appears at the end of this data sheet.
inASIC is a trademark of Texas Instruments.
ODUCTI0N DATA Inhumation Is current as of publication dale.jducts conform tospecifications pertheterms olTexas Instruments
indard warranty. Production processing doesnotnecessarily include
itlngof all parameters. ^ Texas
Instruments
POST OFFICE BOX S55303 • DALLAS, TEXAS 75265
Copyright © 2004, Texas Instruments Incorporated
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isolute maximum ratings over operating free-air temperature range (unless otherwise noted)t
Input supply voltage range, Vcc (see Note 1) -0.3 V to 6 V
Positive output supply voltage range, Vs+ Vcc - 0.3 V to 15 V
Negative output supply voltage range, Vs- -0.3 V to-15 V
Input voltage range, V|: Driver -0.3 V to Vcc + °-3 v
Receiver ±30 V
Output voltage range, V0: T10UT, T20UT Vs_ - 0.3 V to Vs+ + 0.3 V
R10UT, R20UT -0.3 V to Vcc + 0.3 V
Short-circuit duration: T10UT, T20UT Unlimited
Package thermal impedance, 9ja (see Notes 2 and 3): D package 73°C/W
DW package 57°C/W
N package 67°C/W
NS package , 64°C/W
Operating virtual junction temperature, Tj 150°C
Storagetemperature range, Tstg -65°Cto 150°C
tresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and
inctional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not
nplied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
TES: 1. All voltages are with respect to network GND.
2. Maximum power dissipation is a function of Tj(max), 0ja,, and T^. The maximum allowable power dissipation at any allowable
ambient temperature is Prj = (Tj(max) -Ta)/9ja- Operating at the absolute maximumTjof 150°C can affect reliability.
3. The package thermal impedance is calculated in accordance with JESD 51-7.
commended operating conditions
MIN NOM MAX UNIT
X Supply voltage 4.5 5 5.5 V
H High-level input voltage (T1IN.T2IN) 2 v
L Low-level input voltage (T1 IN, T2IN) 0.8 v





metrical characteristics over recommended ranges of supply voltage and operating free-air
mperature (unless otherwise noted) (see Note 4 and Figure 4)
PARAMETER TEST CONDITIONS MIN TYP* MAX UNIT
X Supply current
V(X = 5-5 V, All outputs open,
TA = 25°C 8 10 mA
II typical values are at Vcc = 5 v and TA = 25°c-
TE 4: Test conditions are C1-C4 = 1 jiF at Vcc = 5 V ± 0.5 V.
^ Texas
Instruments
POST OFFICE BOX 655303 • DALLAS,TEXAS 75265
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DRIVER SECTION
cal characteristics over recommended ranges of supply voltage and operating free-air
rature range (see Note 4)
PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT
High-level output voltage T10UT.T20UT RL = 3kQtoGND 5 7 V
Low-level output voltage^ T10UT.T20UT RL = 3kQtoGND -7 -5 V
Output resistance T10UT.T2OUT VS+ = VS- = 0, V0 = ±2 V 300 n
Short-circuit output current T10UT, T20UT VCC = 5.5 V, V0 = 0 ±10 mA
Short-circuit input current T1IN.T2IN V| = 0 200 ^A
al values are at Vcc = 5 V,TA = 25°C.
ebraic convention, in which the least-positive (most negative) value is designated minimum, is used in this data sheet for logicvoltage
nly.
•e than one output should be shorted at a time.
Test conditions are C1-C4 = 1 |iF at Vcc = 5 V ± 0.5 V.
ling characteristics, Vcc = 5 V, TA = 25°C (see Note 4)
B/LDAMCTCD TCIPARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Driver slew rate
RL = 3 kQ to 7 kU
See Figure 2 30
V/[is
Driver transition region slew rate See Figure 3 3 V/LIS
Data rate One TOUT switching 120 kbit/s
Test conditions are C1-C4 = 1 llF at Vcc = 5 V ± 0.5 V.
RECEIVER SECTION
cal characteristics over recommended ranges of supply voltage and operating free-air
rature range (see Note 4)
PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT
High-level output voltage R10UT, R20UT !0H = -1 mA 3.5 V
VLow-level output voltage^ R10UT, R20UT SOL = 3.2 mA 0.4
Receiver positive-going input
threshold voltage RUN, R2IN
VCC =5V, TA = 25°C 1.7 2.4 V
Receiver negative-going input
threshold voltage
RUN, R2IN VCC =5V, TA = 25DC 0.8 1.2 V
Input hysteresis voltage RUN, R2IN VCC = 5V 0.2 0.5 1 V
Receiver input resistance R1IN, R2IN VCC= 5, TA = 25°C 3 5 7 kQ
al values are at Vcc = 5 V,TA = 25°C.
ebraic convention, in which the least-positive (most negative) value is designated minimum, is used in this data sheet for logic voltage
nly.
Test conditions are C1-C4 = 1 ^F at Vcc = 5 V + 0.5 V.
ling characteristics, Vcc = 5 v> TA = 25°c (see Note 4 and Figure 1)
PARAMETER TYP UNIT
Receiver propagation delay time, low- to high-level output 500 ns
Receiver propagation delay time, high-to low-level output 500 ns
Test conditions are C1-C4 = 1 \if at VCc = 5 V ± 0.5 V.
^ Texas
Instruments
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)TES: A. The pulse generator has the following characteristics: Zq = 50 Q, duty cycle < 50%.
B, C|_ includes probe and jig capacitance.
C. All diodes are 1N3064 or equivalent.
Figure 1. Receiver Test Circuit and Waveforms for tpHi_andtp|_H Measurements
*$ Texas
Instruments
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A. The pulse generator has the following characteristics:Zo = 50 £1, dutycycle < 50%.
B. Cl includes probe and jigcapacitance.




























,: Thepulsegenerator has the following characteristics: Zq = 50£2, duty cycle 5 50%.
VOH
Vol
Figure 3. Test Circuit and Waveforms for tTHL and tTLH Measurements (20-^s Input)
^V Texas
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C2 ^r 1^F 5 C4 ^L !uF
From CMOS or TTL















C3 can be connected to Vcc or GND.
DTES: A. Resistor values shown are nominal.
B. Nonpolarized ceramic capacitors are acceptable. If polarized tantaium or electrolytic capacitors are used, they should be
connected as shown. Inaddition to the 1-llFcapacitors shown, the MAX202 can operate with 0.1-p.F capacitors.
Figure 4. Typical Operating Circuit
^ Texas
Instruments











Pins Package Eco Plan {2) Lead/Ball Finish MSL Peak Temp|3)
Qty
MAX232D ACTIVE SOIC D 16 40 Green (RoHS &
no Sb/Br)
CU NIPDAU Level-1-260C-UNLIM
MAX232DE4 ACTIVE SOIC D 16 40 Green (RoHS &
no Sb/Br)
CU NIPDAU Level-1-260C-UNLIM
MAX232DR ACTIVE SOIC D 16 2500 Green (RoHS &
no Sb/Br)
CU NIPDAU Level-1-260C-UNLIM
MAX232DRE4 ACTIVE SOIC D 16 2500 Green (RoHS &
no Sb/Br)
CU NIPDAU Level-1-260C-UNLIM
MAX232DW ACTIVE SOIC DW 16 40 Green (RoHS &
no Sb/Br)
CU NIPDAU Level-1-260C-UNLIM
MAX232DWE4 ACTIVE SOIC DW 16 40 Green (RoHS &
no Sb/Br)
CU NIPDAU Level-1-260C-UNLIM
MAX232DWR ACTIVE SOIC DW 16 2000 Green (RoHS &
no Sb/Br)
CU NIPDAU Level-1-260C-UN LIM
MAX232DWRE4 ACTIVE SOIC DW 16 2000 Green (RoHS &
no Sb/Br)
CU NIPDAU Level-1-260C-UN LiM
MAX232ID ACTIVE SOIC D 16 40 Green (RoHS &
no Sb/Br)
CU NIPDAU Level-1-260C-UN LIM
MAX232IDE4 ACTIVE SOIC D 16 40 Green (RoHS &
no Sb/Br)
CU NIPDAU Level-1-260C-UNLIM
MAX232IDR ACTIVE SOIC D 16 2500 Green (RoHS &
no Sb/Br)
CU NIPDAU Level-1-260C-UNLIM
MAX232IDRE4 ACTIVE SOIC D 16 2500 Green (RoHS &
no Sb/Br)
CU NIPDAU Level-1-260C-UNLIM
MAX232IDW ACTIVE SOIC DW 16 40 Green (RoHS &
no Sb/Br)
CU NIPDAU Level-1-260C-UNUM
MAX232IDWE4 ACTIVE SOIC DW 16 40 Green (RoHS &
no Sb/Br)
CU NIPDAU Level-1-260C-UNLIM
MAX232IDWR ACTIVE SOIC DW 16 2000 Green (RoHS &
no Sb/Br)
CU NIPDAU Level-1-260C-UNLIM
MAX232IDWRE4 ACTIVE SOIC DW 16 2000 Green (RoHS &
no Sb/Br)
CU NIPDAU Level-1-260C-UNLIM
MAX232IN ACTIVE PDIP N 16 25 Pb-Free
(RoHS)
CU NIPDAU Level-NC-NC-NC
MAX232INE4 ACTIVE PDIP N 16 25 Pb-Free
(RoHS)
CU NIPDAU Level-NC-NC-NC
MAX232N ACTIVE PDIP N 16 25 Pb-Free
(RoHS)
CU NIPDAU Level-NC-NC-NC
MAX232NE4 ACTIVE PDIP N 16 25 Pb-Free
(RoHS)
CU NIPDAU Level-NC-NC-NC
MAX232NSR ACTIVE so NS 16 2000 Green (RoHS &
no Sb/Br)
CU NIPDAU Level-1-260C-UNLIM
MAX232NSRE4 ACTIVE SO NS 16 2000 Green (RoHS &
no Sb/Br)
CU NIPDAU Level-1-260C-UNLIM
'he marketing status values are defined as follows:
riVE: Product device recommended for new designs.
EBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.
*JD: Not recommended for newdesigns. Device is inproduction to support existing customers, butTldoes notrecommend using thispartin
;w design.
EVIEW: Device has been announced but is not in production. Samples may or may not be available.
Addendum-Page 1
^lfexAg PACKAGE OPTION ADDENDUM
STRUMENTS
www.ti.com 12-Jul-2005
iOLETE: Tl has discontinued the production of the device.
Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS) or Green (RoHS & no Sb/Br) - please check
//www.ti.com/productcontentfor the latest availability information and additional product content details.
<: The Pb-Free/Green conversion plan has not been defined.
:ree (RoHS): Tl's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
ill 6 substances, including the requirementthat lead not exceed 0.1% by weight in homogeneous materials.Where designed to be soldered
gh temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
in (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
dants (Bror Sb do not exceed 0.1% by weight in homogeneous material)
1SL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
jerature.
ortant Information and DisclaimenThe information provided on this page represents Tl's knowledge and belief as of the date that it is
ided. Tl bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
iracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take
onable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
ming materials and chemicals. Tl and Tl suppliers considercertain information to be proprietary, and thus CAS numbers and other limited
mation may not be available for release.
3event shallTl's liability arising out of such information exceed the totalpurchase priceof the Tl part(s) at issue in thisdocument sold byTl
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rES: A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
A Falls within JEDEC MS-001, except 18 ond 20 pin minimum body length (Dim A).





• Output Current up to 1.5 A
• Internal Therm a I-Overload Protection
• High Power-Dissipation Capability
• Internal Short-Circuit Current Limiting
• Output Transistor Safe-Area Compensation
• Direct Replacements for Fairchild jiA7800
Series
escription
This series of fixed-voltage monolithic
integrated-circuit voltage regulators is designed
for a wide range of applications. These
applications include on-card regulation for
elimination of noise and distribution problems
associated with single-point regulation. Each of
these regulators can deliver up to 1.5 A of output
current. The internal current-limiting and
thermal-shutdown features of these regulators
essentially make them immune to overload. In
addition to use as fixed-voltage regulators, these
devices can be used with external components to
obtain adjustable output voltages and currents,
and also can be used as the power-pass element
in precision regulators.
The uA7800C series is characterized for
operation over the virtual junction temperature










The COMMON terminal is in electrical







The COMMON terminal is in
electrical contact with the mounting
base.
4, Please be aware that an important notice concerning availability, standard warranty, and use in critical applications ofTexas instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.
ODUCTION DATA information is current as of publication dale.
Ktuctsconformto specifications per the terms of Teias Instruments
ndardwarranty. Production processingdoes nol necessarilyinclude
ting of all parameters. ^ Texas
Instruments
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The KTE package is onlyavailable taped and reeled. Addthe suffix R to the device type
(e.g., nA7805CKTER). Chip forms are tested at 25°C.
^ Texas
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SLVS056E- MAY 1976 - REVISED JULY 1999
bsolute maximum ratings over operating temperature ranges (unless otherwise noted)t
HA78xx UNIT
Inputvoltage, V| MA7824C 40 V
All others 35
Virtual junction temperature range, Tj 0 to 150 °C
Package thermal impedance, Gja (see Notes 1 and 2) KC package 22 °C
KTE package 23
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 °C
Storagetemperaturerange,Tstq
-65 to 150 °C
Stresses beyondthose listed under"absolute maximum ratings" maycause permanentdamagetothedevice.These are stress ratings only, and
functional operation of the device at these or any other conditionsbeyond those indicated under "recommended operating conditions" is not
implied. Exposureto absolute-maximum-rated conditionsfor extended periods may affectdevice reliability.
OTES: 1. Maximum powerdissipation is a function of Tj(max), 6ja, and Ta-The maximum allowable powerdissipation at any allowable
ambient temperature is Pp = (Tj(max) - Ta)/6ja- Operating at the absolutemaximum Tj of 150°C can impact reliability. Dueto
variations in individual device electrical characteristics and thermal resistance, the built-in thermal overload protection may be
activated at power levels slightly above or below the rated dissipation.














Output current, Iq 1.5 A
Operating virtualjunction temperature, Tj jiA7800C series 0 125 °C
yr Texas
Instruments
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TIVE-VOLTAGE REGULATORS
3E - MAY 1976 - REVISED JULY 1999
rical characteristics at specified virtual junction temperature, V| • 10 V, In = 500 mA (unless
wise noted)
PARAMETER TEST CONDITIONS Tjt UA780SC UNIT
MEN TYP MAX
it voltage lO - 5 mAto 1 A, V| = 7 V to 20 V,
PD<15W




V| = 7 V to 25 V
25°C
3 100
mVV| = 8Vto12V 1 50
j rejection V| = 8Vto18V, f= 120 Hz 0°Cto125°C 62 78 dB
it voltage regulation




lO = 250 mA to 750 mA 5 50
it resistance f=1kHz 0°Cto125°C 0.017 fi
srature coefficient of output voltage lo = 5 mA 0°Cto125°C -1.1 mWC
itnoise voltage f=10Hzto100kHz 25°C 40 |iV
ut voltage IO=1A 25°C 2 V
urrent 25°C 4.2 8 mA
urrent change




Iq = 5 mA to 1 A 0.5
circuit output current 25°C 750 mA
DUtputcurrent 25°C 2.2 A
testingtechniques maintain the junction temperature as close tothe ambienttemperature as possible. Thermal effectsmustbe taken into
it separately. All characteristics are measured with a 0.33-^F capacitor across the input and a 0.1-jiF capacitor across theoutput.
ical characteristics at specified virtual junction temperature, V| = 11 V, Iq = 500 mA (unless
wise noted)
PARAMETER TEST CONDITIONS Tjt |iA7806C UNIT
MIN TYP MAX
t voltage IO = 5mAto1 A, V| = 8Vto21 V,
PD^15W








V| = 9Vto13V 1.5 60
rejection V| = 9Vto19V, f=120Hz 0"Cto125°C 59 75 dB
t voltage regulation




lO = 250 mA to 750 mA 4 60
t resistance f=1kHz 0°Cto125°C 0.019 ii
irature coefficient of output voltage lO = 5 mA 0°Cto125°C -0.8 mV/DC
Inoise voltage f= 10 Hz to 100 kHz 25aC 45 iiV
jt voltage IO=1A 25°C 2 V
jrrent 25°C 4.3 8 mA
jrrent change V| = 8 V to 25 V 0°Cto125°C 1.3 mAIq = 5 mA to 1 A 0.5
circuit output current 25°C 550 mA
Hjtput current 25°C 2.2 A
:estingtechniques maintain the junction temperature as close to the ambienttemperature as possible.Thermaleffects must be taken into
itseparately. All characteristics are measuredwith a 0.33-jiF capacitor across the input and a 0.1-nFcapacitoracross the output.
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Output voltage lO = 5 mAto 1 A, V| = 10.5 V to 23 V,
PD<15W
25°C 7.7 8 8.3
V
0°C to 125°C 7.6 8.4
Input voltage regulation




V| = 11 V to 17 V 2 80
Ripple rejection V| = 11.5Vto21.5V, f=120Hz 0°Cto125°C 55 72 dB
Output voltage regulation




lO = 250 mA to 750 mA 4 80
Output resistance f = 1 kHz 0"Cto125°C 0.016 £1
Temperature coefficient of output voltage lO = 5 mA 0°Cto125°C -0.8 mV/°C
Output noise voltage f=10Hzto100kHz 25°C 52 li\/
Dropout voltage 10=1A 25°C 2 V
Bias current 25°C 4.3 8 mA
Bias current change




Iq = 5 mA to 1 A 0.5
Short-circuit output current 25°C 450 mA
Peak output current 25°C 2.2 A
Pulse-testing techniques maintainthe junctiontemperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured witha 0.33-jiF capacitor across the input and a 0.1-liF capacitor across the output.
lectrical characteristics at specified virtual junction temperature, V| = 15 V, In = 500 mA (unless
therwise noted)
PARAMETER TEST CONDITIONS Tjt MA7885C UNIT
MIN TYP MAX
Output voltage Iq = 5 mA to 1 A, V| = 11 V to 23.5 V,
PD<15W








V| = 11 Vto17V 2 85
Ripple rejection V] = 11.5Vto21.5V, f=120Hz 0°Cto125°C 54 70 dB
Output voltage regulation




lO = 250 mA to 750 mA 4 85
Output resistance f = 1 kHz 0°Cto125°C 0.016 £1
Temperature coefficient of output voltage Iq - 5 mA 0°Cto125DC -0.8 mV/°C
Output noise voltage f=10Hzto100kHz 25DC 55 V.V
Dropout voltage l0=1A 25°C 2 V
Bias current 25°C 4.3 8 mA
Bias current change




Iq = 5 mA to 1 A 0.5
Short-circuit output current 25°C 450 mA
Peak output current 25°C 2.2 A
3ulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured witha 0.33-liF capacitor across the inputand a 0.1-jiF capacitor across the output.
^V Texas
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l0 = 5 mAto 1 A, V| = 12.5 V to 25 V,
PD<15W
25°C 9.6 10 10.4
Vjt voltage
0°Cto125°C 9.5 10 10.5





3 rejection V| = 13Vto23V, f=120Hz 0°Cto125°C 55 71 dB




Iq = 250 mAto 750 mA 4 100
jt resistance f=1kHz 0°Cto125°C 0.018 W
erature coefficient of output voltage \q = 5 mA 0°Cto125°C -1 mV/°C
it noise voltage f= 10 Hz to 100 kHz 25°C 70 \M
jut voltage l0 = 1A 25°C 2 V
current 25°C 4.3 8 rnA




Iq = 5 mA to 1 A 0.5
-circuit output current 25°C 400 mA
output current 25°C 2.2 A
-testing techniques maintain thejunction temperature as closetotheambient temperature as possible. Thermal effects mustbetaken into
intseparately. All characteristics are measured with a 0.33-jiF capacitor acrossthe input and a 0.1-uF capacitor acrosstheoutput.
rical characteristics at specified virtual junction temperature, V| = 19 V, Iq - 500 mA (unless
•wise noted)
TEST CONDITIONS Tjt (1A7812C UNITPARAMETER
MIN TYP MAX
l0 = 5 mAto 1 A, V| = 14.5V to 27 V,
PD£15W
25°C 11.5 12 12.5
VJt voltage
0°Cto125°C 11,4 12.6





e rejection V| = 15Vto25V, f=120Hz 0°Cto125°C 55 71 dB




Iq = 250 mAto 750 mA 4 120
jt resistance f=1kHz 0°Cto125°C 0.018 W
terature coefficient of output voltage Iq = 5 mA 0°Cto125°C -1 mV/°C
ut noise voltage f=10Hzto100kHz 25°C 75 nv
•ut voltage l0=1A 25°C 2 V
current 25°C 4.3 8 mA




Iq = 5 mA to 1 A 0.5
t-circuit output current 25°C 350 mA
.output current 25°C 2.2 A
s-testing techniques maintain thejunction temperature as close totheambient temperature as possible. Thermal effects must betaken into
jntseparately. All characteristics are measured with a 0.33-^F capacitor across the input anda 0.1-jiF capacitor across theoutput.
ty Texas
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lectrical characteristics at specified virtual junction temperature, V| = 23 V, Iq = 500 mA(unless
otherwise noted)
TEST CONDITIONS Tjt MA7815C UNITPARAMETER
MIN TYP MAX
l0 = 5 mA to 1 A, V| = 17.5 Vto 30 V,
PD<15W
25°C 14.4 15 15.6
VOutput voltage
0°Cto125°C 14.25 15.75




V| = 20 V to 26 V 3 150
Ripple rejection V|= 18.5 V to 28.5 V, f=120Hz 0°Cto125°C 54 70 dB




Iq = 250 mAto 750 mA 4 150
Output resistance f = 1 kHz 0°Cto125pC 0.019 W
Temperature coefficient of output voltage Iq = 5 mA 0°Cto125°C -1 mV/°C
Output noise voltage f= 10 Hz to 100 kHz 25°C 90 uV
Dropout voltage lO=1A 25°C 2 V
Bias current 25°C 4.4 8 mA




Iq = 5 mA to 1 A 0.5
Short-circuit output current 25°C 230 mA
Peak output current 25°C 2.1 A
;ion temperature as closetotheambient temperature as possible. Thermal effects mustbetakeninto
measuredwith a 0.33-nF capacitor across the input and a 0.1-nFcapacitoracross the output.
Pulse-testing techniques maintain the juncti
account separately. All characteristics are






Iq = 5 mAto 1 A, V| = 21 Vto 33 V,
PD<15W
25°C 17.3 18 18.7
VOutput voltage
0QCto125°C 17.1 18.9




V| = 24 V to 30 V 5 180
Ripple rejection V| = 22Vto32V, f=120Hz 0°Cto125°C 53 69 dB




Iq = 250 mA to 750 mA 4 180
Output resistance f=1kHz 0°Cto125°C 0.022 W
Temperature coefficient of output voltage Iq = 5 mA 0°C to 125°C -1 mV/°C
Output noise voltage f=10Hzto100kHz 25°C 110 nv
Dropout voltage IO=1A 25°C 2 V
Bias current 25°C 4.5 8 mA




Iq = 5 mA to 1 A 0.5
Short-circuit output current 25°C 200 mA
Peak output current 25°C 2.1 A
iontemperature as closetotheambient temperature as possible. Thermal effects mustbetaken into
measuredwith a 0.33-p.F capacitor across the input and a 0.1-u.F capacitoracross the output.
' Pulse-testing techniques maintain the juncti
account separately. Allcharacteristics are
ty Texas
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rical characteristics at specified virtual junction temperature, V] = 33 V, Iq = 500 mA (unless
rwise noted)
TEST CONDITIONS Tjt IIA7824C UNIT
MIN TYP MAX
lO = 5 mA to 1 A, V| = 27 V to 38 V,
Pp^15W








V| = 30 V to 36 V 6 240
e rejection V| = 28Vto38V, f=120Hz 0°Cto125°C 50 66 dB
ut voltage regulation




Iq = 250 mAto 750 mA 4 240
ut resistance f = 1 kHz 0°Cto125°C 0.028 W
»erature coefficient of output voltage Iq = 5 mA 0°Cto125°C -1.5 mV/°C
ut noise voltage f= 10 Hz to 100 kHz 25°C 170 jiV
out voltage IO = 1A 25°C 2 V
current 25°C 4.6 8 mA




Iq = 5 mA to 1 A 0.5
t-circuit output current 25°C 150 mA
output current 25°C 2.1 A
(-testing techniquesmaintain thejunction temperature as close totheambienttemperature as possible. Thermal effectsmustbe takeninto
jnt separately. All characteristicsare measured with a 0.33-uF capacitoracross the inputand a 0.1-^F capacitor across the output.






ut voltage 5 V
voltage regulation
V| = 7 V to 25 V 3
mV
V| = 8Vto12V 1
e rejection V| = 8Vto18V, f=120Hz 78 dB
ut voltage regulation
\q = 5 mAto 1.5 A 15
mV
lO = 250 mA to 750 mA 5
ut resistance f=1 kHz 0.017 W
>erature coefficient of output voltage \q = 5 mA -1.1 mV7°C
ut noise voltage f=10Hzto100kHz 40 ^v
out voltage IO=1A 2 V
current 4.2 mA
t-circuit output current 750 mA
; output current 2.2 A
j-testing techniques maintain thejunction temperature as closetothe ambient temperatureas possible. Thermal effectsmustbe taken into
jnt separately. All characteristics are measuredwith a 0.33-y.F capacitoracross the input and a 0.1-liF capacitor across the output.
^? Texas
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Output voltage 6 V
Input voltage regulation
V| = 8 V to 25 V 5
mV
V| = 9Vto13V 1.5
Ripple rejection Vj = 9Vto19V, f=120Hz 75 dB
Output voltage regulation
Iq ~ 5 mA to 1.5 A 14
mV
Iq = 250 mA to 750 mA 4
Output resistance f = 1 kHz 0.019 W
Temperature coefficient of output voltage lO = 5 mA -0.8 mV/°C
Output noise voltage f= 10 Hz to 100 kHz 45 jiV
Dropout voltage 10=1 A 2 V
Bias current 4.3 mA
Short-circuit output current 550 mA
Peak output current 2.2 A
Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. Allcharacteristics are measured with a 0.33-jiF capacitor across the input and a 0.1-jiF capacitor across the output.






Output voltage 8 V
Input voltage regulation
V|= 10.5 V to 25 V 6
mV
V|=11 Vto17V 2
Ripple rejection V| = 11.5Vto21.5V, f=120Hz 72 dB
Output voltage regulation
1q = 5 mA to 1.5 A 12
mV
l0 = 250 mA to 750 mA 4
Output resistance f = 1 kHz 0.016 W
Temperature coefficient of output voltage Iq = 5 mA -0.8 mV/°C
Output noise voltage f=10Hzto100kHz 52 nv
Dropout voltage "0= 1 A 2 V
Bias current 4.3 mA
Short-circuit output current 450 mA
Peak output current 2.2 A
Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-fiF capacitor across the input and a 0.1-uF capacitor across the output.
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V| = 11 V to 17 V 2
b rejection V| = 11.5Vto21.5V, f=120Hz 70 dB
jt voltage regulation lO = 5 mA to 1.5 A 12 mV
lO = 250 mA to 750 mA 4
jt resistance f=1kHz 0.016 W
erature coefficient of output voltage lO = 5 mA
-0.8 mV/°C
jt noise voltage f= 10 Hz to 100 kHz 55 nv
)ut voltage l0 = 1A 2 V
;urrent 4.3 mA
-circuit output current 450 mA
output current 2.2 A
-testingtechniques maintain the junction temperature as close to the ambienttemperature as possible,Thermaleffects must be taken into
ntseparately. All characteristics are measured with a 0.33-nF capacitor acrossthe input and a 0.1-jiF capacitor acrosstheoutput.






it voltage 10 V
voltage regulation
V| = 12.5 V to 28 V 7
mV
V) = 14Vto20V 2
i rejection V| = 13Vto23V, f=120Hz 71 dB
itvoltage regulation
Iq = 5 mAto 1.5 A 12
mV
lO = 250 mA to 750 mA 4
it resistance f=1 kHz 0.018 W
srature coefficient of output voltage lO = 5 mA
-1 mV/°C
t noise voltage f= 10 Hz to 100 kHz 70 nv
ut voltage l0=1A 2 V
urrent 4.3 mA
circuit output current 400 mA
Dutput current 2.2 A
testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
it separately. All characteristicsare measured with a 0.33-n-F capacitoracross the inputand a 0.1-u.F capacitor across the output.
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Output voltage 12 V
Input voltage regulation
V| = 14.5 V to 30 V 10
mV
V| = 16Vto22V 3
Ripple rejection V|=15Vto25V, f=120Hz 71 dB
Output voltage regulation
lO = 5 mA to 1.5 A 12
mV
l0 = 250 mA to 750 mA 4
Output resistance f=1 kHz 0.018 W
Temperature coefficient of output voltage !o = 5 mA _1 mV/QC
Output noise voltage f= 10 Hz to 100 kHz 75 UV
Dropout voltage |Q=1A 2 V
Bias current 4.3 mA
Short-circuit output current 350 mA
Peak output current 2.2 A
Pulse-testing techniques maintainthe junctiontemperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. All characteristics are measured with a 0.33-u.F capacitor across the input and a 0.1-u.F capacitor across the output,






Output voltage 15 V
Input voltage regulation
V|= 17,5 V to 30 V 11
mV
V| = 20 V to 26 V 3
Ripple rejection V|= 18.5 V to 28.5 V, f=120Hz 70 dB
Output voltage regulation
l0 = 5 mA to 1.5 A 12
mV
lO = 250 mA to 750 mA 4
Output resistance f = 1 kHz 0.019 W
Temperature coefficient of output voltage lO = 5 mA -1 mV/°C
Output noise voltage f=10Hzto100kHz 90 UV
Dropout voltage IO=1A 2 V
Bias current 4.4 mA
Short-circuit output current 230 mA
Peak output current 2.1 A
Pulse-testing techniques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be taken into
account separately. Allcharacteristics are measured with a 0.33-|iF capacitor across the input and a 0.1-llF capacitor across the output.
yr Texas
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ut voltage 18 V
voltage regulation
V| = 21Vto33V 15
mV
V| = 24 V to 30 V 5
e rejection V| = 22Vto32V, f=120Hz 69 dB
ut voltage regulation
Iq = 5 mAto 1.5 A 12
mV
Iq = 250 mA to 750 mA 4
ut resistance f=1kHz 0.022 W
>erature coefficient of output voltage lo = 5 mA -1 mV/°C
ut noise voltage f=10Hzto100kHz 110 UV
out voltage l0 = 1A 2 V
current 4.5 mA
t-circuit output current 200 mA
.output current 2.1 A
s-testing techniques maintain the junction temperature as close tothe ambienttemperature as possible.Thermaleffects must be taken into
jnt separately. All characteristicsare measured with a 0.33-|iF capacitoracross the inputand a 0.1-^F capacitor across the output.






ut voltage 24 V
voltage regulation
Vj = 27 V to 38 V 18
mV
V| = 30Vto36V 6
,e rejection V| = 28Vto38V, f= 120 Hz 66 dB
ut voltage regulation
Iq = 5 mA to 1.5 A 12
mV
Iq = 250 mAto 750 mA 4
ut resistance f=1kHz 0.028 W
)erature coefficient of output voltage Iq ~ 5 mA -1.5 mV/°C
ut noise voltage f= 10 Hz to 100 kHz 170 UV
out voltage l0 = 1 A 2 V
current 4.6 mA
t-circuit output current 150 mA
, output current 2.1 A
t-testing techniques maintain the junction temperature as close to the ambienttemperature as possible.Thermaleffects must be taken into
jnt separately. All characteristics are measured with a 0.33-jiFcapacitoracross the inputand a 0.1-jxF capacitor across the output.
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Figure 2. Positive Regulator in Negative Configuration (V| Must Float)






NOTEA: The following formula is used when Vxxis the nominaloutput voltage (output to common) of the fixed regulator:
V0 =Vxx +I^+lQlR2




Iq - (Vq/R1) + >0 Bias Current
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Figure 5. Regulated Dual Supply
ation with a load common to a voltage of opposite polarity
Inmany cases, a regulator powers a load that is not connected to ground but, instead, is connected to a voltage
source of opposite polarity (e.g., operational amplifiers, level-shifting circuits, etc.). In these cases, a clamp
diode should be connected to the regulator output as shown inFigure6. This protects the regulatorfrom output







Figure 6. Output Polarity-Reversal-Protection Circuit
rse-bias protection
Occasionally, the inputvoltageto the regulatorcan collapse faster than the outputvoltage.Thiscan occur,for
example, when the inputsupply is crowbarred during an outputovervoltage condition. If the outputvoltage is
greaterthanapproximately 7 V, the emitter-base junction ofthe series-pass element(internal orexternal) could




Figure 7. Reverse-Bias-Protection Circuit
^lf Texas
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SEVEN DARLINGTONS PER PACKAGE
OUTPUT CURRENT 500mA PER DRIVER
(600mA PEAK)
OUTPUT VOLTAGE 50V
INTEGRATED SUPPRESSION DIODES FOR
INDUCTIVE LOADS
OUTPUTS CAN BE PARALLELED FOR
HIGHER CURRENT
TTL/CMOS/PMOS/DTL COMPATIBLE INPUTS
INPUTS PINNED OPPOSITE OUTPUTS TO
SIMPLIFY LAYOUT
DESCRIPTION
The ULN2001A, ULN2002A, ULN2003 and
ULN2004Aare high voltage, high current darlington
arrays each containing seven open collector dar
lington pairs with common emitters. Each channel
rated at 500mA and can withstand peak currents of
600mA.Suppression diodes are included for induc
tive load drivingand the inputs are pinned opposite
the outputs to simplify board layout.
The four versions interface to all common logic fami
lies :
ULN2001A General Purpose, DTL, TTL, PMOS,
CMOS
ULN2002A 14-25V PMOS
ULN2003A 5V TTL, CMOS
ULN2004A 6-15V CMOS, PMOS
These versatile devices are useful for driving a wide
range of loads including solenoids, relays DC mo
tors, LED displays filament lamps, thermal print-
heads and high power buffers.
The ULN2001A/2002A/2003A and 2004A are sup
plied in 16 pin plastic DIP packages with a copper
leadframe to reduce thermal resistance. They are
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Symbol Parameter Value Unit
V0 Output Voltage 50 V
Vin Input Voltage (for ULN2002A/D - 2003A/D- 2004A/D) 30 V
lc Continuous Collector Current 500 mA
lb Continuous Base Current 25 mA
Tamb Operating Ambient Temperature Range - 20 to 85 °C
Tslg Storage Temperature Range - 55 to 150 °C
Tj Junction Temperature 150 °c
THERMAL DATA
Symbol Parameter DIP16 S016 Unit
Rth J-amb Thermal Resistance Junction-ambient Max. 70 120 °c/w
2/8 *jy
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ULN2001A - ULN2002A - ULN2003A - ULN2004A
ELECTRICAL CHARACTERISTICS (Tamb = 25°C unless otherwise specified)
Symbol Parameter Test Conditions Min. Typ. Max. Unit Fig.
IcEX Output Leakage Current VCE = 50V 50 uA 1a
Tamb = 70°C, Vce = 50V 100 iiA 1a
Tamb = 70°C
for ULN2002A
Vce = 50V, Vj = 6V 500 HA 1b
forULN2004A
Vce = 50V, Vi = 1V 500 |iA 1b
VcE(sat) Collector-emitter Saturation lc= 100mA, lB = 250uA 0.9 1.1 V 2
Voltage lc = 200 mA, Ib = 350jiA 1.1 1.3 V 2
lc = 350mA, lB = 500uA 1.3 1.6 V 2
lj(on) Input Current forULN2002A,Vi = 17V 0.82 1.25 mA 3
for ULN2003A, V, = 3.85V 0.93 1.35 mA 3
for ULN2004A, Vi = 5V 0.35 0.5 mA 3
Vi = 12V 1 1.45 mA 3
li(off) Input Current Tamb - 70°C, lc = 500uA 50 65 uA 4





















hFE DC Forward Current Gain forULN2001A
Vce = 2V, lc = 350mA 1000 2
Ci Input Capacitance 15 25 PF
tpLH Turn-on Delay Time 0.5 Vi to 0.5 V0 0.25 1 IIS
tpHL Turn-off Delay Time 0.5 Vi to 0.5 VD 0.25 1 ^LS
Ir Clamp Diode Leakage Current VR = 50V 50 ^iA 6
Tamb = 70°C, VR = 50V 100 ^lA 6
Vf Clamp Diode Forward Voltage If = 350mA 1.7 2 V 7
**7 3/8
ULN2001A - ULN2002A - ULN2003A - ULN2004A
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ULN2001A - ULN2002A - ULN2003A - ULN2004A
DIM.
mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
a1 0.51 0.020


























ULN2001A - ULN2002A - ULN2003A - ULN2004A
DIM.
mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
A 1.75 0.069
a1 0.1 0.25 0.004 0.009
a2 1.6 0.063
b 0.35 0.46 0.014 0.018
b1 0.19 0.25 0.007 0.010
C 0.5 0.020
d 45'(typ.)
D(1) 9.8 10 0.386 0.394
E 5.8 6.2 0.228 0.244
e 1.27 0.050
e3 8.89 0.350
F(1) 3.8 4 0.150 0.157
G 4.6 5.3 0.181 0.209






























Gfl SGS-THOMSONKfflDglfSQLitLKgTnsORODtgi ULN2801AULN2802A-ULN2803AULN2804A - ULN2805A
EIGHT DARLINGTON ARRAYS
EIGHT DARLINGTONS WITH COMMON EMIT
TERS
OUTPUT CURRENT TO 500 mA
OUTPUT VOLTAGE TO 50 V
INTEGRAL SUPPRESSION DIODES
VERSIONS FOR ALL POPULAR LOGIC FAMI
LIES
OUTPUT CAN BE PARALLELED
INPUTS PINNED OPPOSITE OUTPUTS TO
SIMPLIFY BOARD LAYOUT
DESCRIPTION
The ULN2801A-ULN2805Aeach contain eight dar-
lington transistors with common emitters and inte
gral suppression diodes for inductive loads. Each
darlington features a peak load current rating of
600mA (500mA continuous) and can withstand at
least50V in the offstate. Outputsmay be paralleled
for highercurrent capability.
Five versions are available to simplifyinterfacing to
standard logic families: the ULN2801A is designed
for general purpose applications with a current limit
resistor; the ULN2802Ahas a 10.5k£2 input resistor
and zenerfor 14-25V PMOS; the ULN2803Ahas a
2.7kQ input resistor for 5V TTL and CMOS ; the
ULN2804A has a 10.5kQ input resistor for 6-15V
CMOS and the ULN2805A is designed to sink a
minimum of 350mA for standard and Schottky TTL
where higher output current is required.
All types are supplied in a 18-lead plastic DIP with
a copperlead from and featurethe convenientinput-
opposite-outputpinoutto simplify board layout.
September 1997
PIN CONNECTION (top view)




ULN2801A - ULN2802A - ULN2803A - ULN2804A - ULN2805A
SCHEMATIC DIAGRAM AND ORDER CODES














































































Symbol Parameter Value Unit
"tb j-amb Thermal Resistance Junction-ambient Max. 55 °C/W
ELECTRICAL CHARACTERISTICS (Tamb =25°C unless otherwise specified)
Symbol Parameter Test Conditions Min. Typ. Max. Unit Flfl.
iCEX Output Leakage Current Vce = 50V
Tamb = 70°C, Vce = 50V
Tamb = 70°C
for ULN2802A
Vce - 50V, V, = 6V
for ULN2804A















lc= 100mA, lB =250uA
lc = 200mA, Ib = 350uA











l|(on) Input Current forULN2802A V[ = 17V
for ULN2803A V| = 3.85V
for ULN2804A Vi = 5V
V, = 12V

















llfoff) Input Current Tamb = 70°C, lc = 500uA 50 65 uA 4

































hFE DC Forward Current Gain for ULN2801A
VCE = 2V, lc = 350mA 1000 2
Ci Input Capacitance 15 25 PF _
tpLH Turn-on Delay Time 0.5 Vt to 0.5 V„ 0.25 1 M» -
tpHL Turn-off Delay Time 0.5 Vi to 0.5 V0 0.25 1 us -
Ir Clamp Diode Leakage Current VR = 50V







Vf Clamp Diode Forward Voltage If = 350mA 1.7 2 V 7
*r7 SGS-1H0MS0NHOmilUa'gJiaiilMSS
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ULN2801A - ULN2802A - ULN2803A - ULN2804A - ULN2805A















FigurelO : AllowableAverage PowerDissipation
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Figure 11 : Peak Collector Current as a Function
of Duty Cycle.
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ULN2801A - ULN2802A - ULN2803A - ULN2804A - ULN2805A
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ULN2801A - ULN2802A - ULN2803A - ULN2804A - ULN2805A
DIP18 PACKAGE MECHANICAL DATA
DIM.
mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
a1 0.254 0.010










Z 1.27 1.59 0.050 0.063
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